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ADVANCED MASS SPECTROMETER
FINAL REPORT

1. SUMMARY

The Advanced Mass Spectrometer (AMS) is a state-of-the-art ion microprobe with fine
prima r y ion beam focus and a uni que mass spectrometer. A Variable Inhomogeniety
Magnet System , with 288 detectors (each set for a discrete secondary ion mass to charge
ratio) all serviced by computer data handling, provides the heart of an instrument which

can monitor from mass 17 to 304 amu simultaneously.

This analytical instrument consists of components developed under ARPA contract by

Rensselaer Polytechnic Institute, Applied Research Laboratories, Hughes Research
Laboratories, and Vallecitos Nuclear Center. VNC also had responsibility for mating of
separate parts, testing of the assem bled spectrometer , and software development.

Despite some rather large and time consuming problems, the AMS was completed and has
undergone acceptance tests which delineate the instrument’s current operating

parameters. The Advanced Ion Source was tested and it was determined that positive

cesium ions are valuable for generating negative secondary ions, but that the negative

iodine ion source is not usable in its present design. Appendix A and B expand further on
this. The primary beam has been focussed to at least a 0.34 p. m diameter spot at about

20 nA and can probably be made smaller. The electrostatic lens for energy focussing of

the secondary ions works, but its full capability is yet to be explored. The magnet system

has an inherent resolution of about 1700:1 near the uranium oxide mass region (positive

secondaries), and the computer interrogates all data channels in as little as ten

milliseconds as well as controlling sample stage motion and primary beam position. The

stage is stable and moves with 0.25 p. m steps, although sample change times are, at

present, 30 minutes. The solid state detectors work well although the preamplifiers
sometimes oscillate and need rework. -

Over-all it is an extremely intriguing concept , and looks as though it will reach

design goals.

II. INTRODUCTION

In 1972 ARPA contracted with the General Electric Advanced Nuclear Applications

Laboratory at the Vallecitos Nuclear Center (VNC) to coordinate and complete a new
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concept in analytical instrumentation. The Advanced Mass Spectrometer (AM 5) focusses

an intense source of energetic ions on a sample to be analyzed, and the secondary ions

which are formed as a result of this bombardment are then drawn into a uniquely designed

double focussing mass spectrometer.

The mass spectrometer design was a result of two ARPA contracts with Rensselaer

Polytechnic Institute (RPI) during which the following components were developed: an

Adjustable Field Shape Electrostatic Lens (AFSEL); a Variable Inhomogeneous Magnet

System (VIMS); a converter/detector system with one detector for each secondary ion

mass to be monitored; an amplifier/discriminator/scaler for each detector; and a

computer with an interface to monitor the scalers. The unique feature of the mass

spectrometer section is that no magnetic or electric scanning is done. That is, each of
approximately 300 ion species are to be monitored independently and simultaneously. The

advantage is that information is usually lost in ordinary spectrometers during the scanning
process, but the AMS would act in an isochronous, or simultaneous, mode. This is

especially valuable when information is being generated from a tiny sample, or from one
which is changing in composition with depth, such as in multi-element thin
film electronics.

The ion source is a modification of the standard ARL Duoplasmatron and ion column. The

source was developed by Applied Research Laboratories (ARL) Hasler Research Center
under a parallel ARPA contract which included the design and construction of the new

source with an ion beam focussing system to be known as an Advanced Ion Microprobe,
(AIM or sometimes IMP). The features of this system include a positive or negative ion

beam with a focal spot diameter of 1 p .m or less with 10 to 1000 pA delivered to
the sample.

Another ARPA contract was let to the Hughes Research Laboratories (HRL) to develop an

intense source of Cs~ ions compatible with the physical and electrical constraints of the

AIM. This source was also to be attached to and tested on an Ion Microprobe Mass
Analyzer (IMMA) manufactured by ARL and operated as government furnished equipment

at VNC.

The VNC contract was to be a best effort in designing and constructing a facility to house,
test, and operate this AMS. Construction of various components such as a sample holding
and insertion system, optical microscope, complete vacuum system, operator’s console,
computer software, mating hardware, and computer control of the primary ion beam and
sample stage, were included in the contract.

2
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Ill. AMS DESIGN AND CONSTRUCTION

1. Over-All Design

The over-all design of the AMS is shown in block diagram form in Figure 1. The diagram

follows rather closely the physical layout of the room and also shows specifically the

computer control lines and data flow lines to the computer interface.

Vacuum is maintained by six ion pumps , and three sublimation pumps are available if
needed. All gate valves and all vent and other valves are pneumatically controlled from a
single panel of push buttons at the control console. Vacuum seals everywhere are of
indium or copper except at the detector flanges , and valves , where Viton seals are used.

There are two similar manifolds for roug hin g down the primary and secondary ion parts of
the AMS. Each consists of an oil-free bellows pump and two li quid nitrogen sorption
pumps. Liquid nitrogen is also used to cold trap condensables from the ionization gauge as
well as to chill a “cold dome” which is used to maintain low pressures in the immediate
vici nity of the sam ple when it is under ion bombardment. The vacuum system is shown
schematically in Figure 2. Note that the AIM region is separated into three sections with
baffles , and that each section is pumped independently. Not shown in either Figure 1 or 2
is the water system (for cooling VIMS magnet , power supply, and sublimation pumps), air
system (fo r operating all valves), LN 2 system , and a-c power distribution with interlocks
on the primary and secondary parts of the vacuum system.

2. Ion Source

The Duoplasmatron ion source is shown in Figure 3. Its features are that a gas is bled into
the plasma chamber at pressures of several tenths of a torr. A plasma discharge ,
contai ned by a static magnetic field , ionizes the gas with an excess of negative charge
towar ds the ou tside and an excess of positive charge towards the center. Ions are
accelerated by appropriate fields through a “Z” electrode and focussed into the primar y
ion column. The “Z” electrode is built on an eccentri c and may be adj usted durin g
operation to extract the selected ions with maximum intensity.

it is at the operator’s discretion which gas to use since this ion source operates with air ,
oxygen , carbon dioxide , argon , nitrogen , and other gases. The different ion masses,
charges , and chemical species all interact with the sample material in a dif ferent and

3
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com plex way. The reader is referred to Figure 4 and Appendix A for details on the

secondary ion yield. M~ and M are relative secondary ion yields of the atom , M.

H RL developed a source for the AMS in which either positive cesium or negative iodine
ions are generated. Figure 5 is a schematic drawing of the assembly, and Figure 6 is an

electrical block diagram of the Cs~ source. Both the Cs~ and 1 sources have been tested
on the IM MA; the Cs~ showed considerable promise , but the 1 testin g resulted in
contamination of the IMMA and the source assembly itself to a disheartening extent. See

Appendix B for 1 recommendations.

3. Primary Ion Column

U pon exiting the Duoplasmatron, the primary ion is focussed by two condenser lenses and

a final objective lens. All three are immersion lenses and the entire column is a soft iron

cylinder floating at 18 to 20 kV above or below the source voltage depending on what

combination of positive or negative primary or secondary ions are desired. Figure 7 is an

ARL drawing of the AIM. An eight element astigmator has been inserted to compensate

for construction flaws which may result in a non-circular beam at the sample. This is

likely to become important only when the beam spot diameter is less than a micron. No

requirement for its use has been shown so far , and electronics to operate the astigmator

have not been built. ARL experiments with the AIM show that a beam diameter of

<0.3 p. m may be reached, and a 2 p. m spot was easily demonstrated during acceptance

tests.

Deflection plates and a current monitor are also included although the monitor, which is

designed to intercept about 97% of the beam, was unfortunately shorted internally during

the tests. The deflection plates have been shown to short through if more than a few

hundred volts are applied to them , and this makes them sensitive to arcs. They do,

however, function quite well otherwise. The physical alignment of the AIM , as shown in

the ARL reports (see references, Section VIII), is very difficult and exacting, but appears

to be very stable once performed. It turns out that the 3/8 inch stainless steel bellows

(used as universal joints on four external adjustment feedthrou ghs) are too fle xible and
subject to tearing, but this is not a major problem.

As the focussed beam of primary ions strike the sample, positive and negative ions and

neutral particles are sputtered from the surface. In order to keep the pressure as low as
• possible in the immediate vicinity of the sample surface, a liquid nitrogen-fed cold surface

or cold dome has been placed as close as physically possible. Design of appropriate
7 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~-.- --~~~~~ -



—V.---- — V. 
~~~~~~~~~~~~~~~~ — - — —_ — —--V.—-_~~- .-- _~ —

~
uu1

NEDG-12045- 245

I 1 1 1 1 1 1 1 1  I I 
~
I I I I I  I I I II I  I I 1 j I l l i l l  I I

0
— — o

a
I~~~~z 1~ o— ‘4 — o~> a.
• LU

- 

_ _ _ _ _ _

—

— o~~
LL.1

-~~C
.5 

— ~~~ 
Z

— l  
_ _

o 0

—~‘r----~ 
‘C

o -j_----__------—---—’
— 

~~~~~~~~~~~~~~~~~~~~ 
‘C 

—
~~~~~~

- ~~

iz 
z

A > o—
~~~~~~~o ~/)U

— 0 — 2

— ci
th

I [ 1 1 1 1 1 1  I I liii iii i I I t i~ i I I I i~ I l i i i  I I I

~-W AIISN3INI ~AI1Y13~Figure 4.
Secondary Ionization as a Function of Sample Z and 16o

_ 
Source Ions

8

_ _ _ _



r ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

. - — —--— -

0 - 24 9 6  23

4

-
~~~~~

<( t~1\ ~~
~~~~~~~~~~~~~~~ ,:‘/)

~ 
\~

‘ 

~1 ~ ~ 
~ ~ 

r ”

L-~ ~~~ - 
— 

~/  /
—V.-—.—— -V

a

p i g .  5 .  i s o i ~~ t r i c  v 1 I~I~ o f  s~~~ r c c
s h o w i n q  d e t a i l  o f  s o u r - ce  p c s i t i o ~ —
i n g  u e c h a n i s ~~.ADVANCED ION SOURCE

9

- - V  ~~~~~~~~~~~~~~~~~~~~~~ - -- — - - — ---~~~ - . V -  - --.-V-~~~~~ - —--- -.~~~~~~~~~~~~~~~ — - - --- --V



- — - - - V.

NEDG 12 &-24~

~~~~? ~~~~~~~~~~~~~~~~~~ 
-———--n

~~~~~~~~~~~~ 
c _t> 

V. __i
- 

_ _ _

~~~
J—-

~ ~

-—---

~~~~~~

-

~~

-— 
— 

-

~~~

_ H: H

_ _  

rT~~
_ _ _ _r

~ 

~~~~~~~~~~~~~~~~ 
I

.4 . I - I —~~ o L

1~ 
-

>- ________________________________ V.—
,

V. --

- -

.- ‘~ -- 
I

— -.—---—-----—---.—------J

- ,  -= •
Li ,— -

~~~O o  : r i-~ -~ :.> 1 ~~~~~~~~

. \ ‘ - -

~~~~~~~~~~~~~~~

_/
\\ \\
\

~

_H

_I

- _ I

F i . 6 .  -c ri c a~ s C f l r  I I I  t c o f ces  1 UI  10 0  0 -~ ‘ C ?

10 

~~~~~~~~~~~~~~~~---~~~~~ V .--—-—- - - - - - -~



V. - - ~~~~~~ , -----— -

NEDG-12045-245 . -

~~~~ L _.~

~~

L~ _~ N ’  ~~~~~~~~~~~ 
~~~~~~~~~~~~ ~~~~~~~~~~~~~

-
~~~~~~

.. ‘~~ I
I ~~~

L ~~~~~~~~~~~~~~ N
I 

~~~II

- r
’ 

I 1
I 

~ I 

I- 

P
I // I 

_ _ _ _  / j

<~~~~~~~~~~~~~~~ 

I

- -

/

~~ 
‘
~

— ----—--
-

-

~~~~ I ..
~~~~~~~~~

_ _ _ _  i _ _

~~ I 
I 

e ~
I 

I

;1 
_ _

N
~
r-1 U ~T

FIGURE 7 AIM PRIMA RY ION COLUMN
11

—,-— -- .

~

---- .--V. -- —-. .- - - —V.- -— -------- -V--~~~~~~~~~~~~~ -V-  - .—-.— -— - V - - .- - — - -  -~~~~~~~~



- 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
—-- -V.--- -— ~-‘~--—----------r#.._._--,,,_,_ -. -—-- ------.‘--—-- - . _~ ~~ -V. - --- - -- --V. - - — -  

NEDG-1 2045-245

voltage and temperature isolation , and vacuum ti ght feedthro ughs to a reservoir external
to the vacuum chamber was very difficult.

Figures Sa, b show an electrical block diagram of the entire system, and demonstrate

some of the interconnections of the supporting electronics.

4. Sample Region

Requirements that the AMS be designed as a routine analytical instrument meant that the

sample must be withdrawn from the target region, valved off from the vacuum, changed in

air, and reinserted without disturbing the operating characteristics of the instrument.

Furthermore, the sample stage must be capable of fine, repeatable motion, under vacuum ,

for several cm along each of three axes while maintaining the sample itself at 15 kV.

Figure 9 is a picture of the externals of the stage which meets these requirements.

The main sample lock consists of a specially designed thin gate valve actuated with a

double acting air cylinder. The sample stage is separated from the sample vacuum region

by a steel bellows which accommodates the three axes of motion and encloses the 15 kV

feedth rough. It was recognized that having the stage motors , bearings , etc., external to
the vacuum would provide both benefits and problems. The main benefit is that the

mechanism is available I or adjustment and repair, and need not be encapsulated to protect
the vacuum , or gold plated to operate without galling in this vacuum environment. The

pr oblem is that the rather frag ile mechanism (with 0.25 p. m steps and precision bearings)
would be called upon to support approximately 180 lb of force due to atmospheric
pressure. The solution was to use a rig id plastic box w it h a roughing pump and 0-ring seal
to support a partial vacuum external to the stage. It is only necessary to remove 90% or

so of the air. In fact, it is important to stay above the glow discharge pressure region, or

the 15 kV feedthrough comes under severe breakdown stress.

A small front sur face mirror is cemented to the AIM objective lens to provide for optical
viewing of the sample even whefl the sample is under ion bombardment. A diagram of the

optical microscope and illuminator is shown in Figure 10. Magnification is about 25X with
lOX eyepieces. Bausch and Lomb was chosen to design this system because of their
experience with a similar system on the IMMA. However, unexpectedly long delays have
prevented the major components from being delivered to date.

12
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5. Secondary Ion Extraction

Figure 11 is a drawing of the secondary ion extraction and focussing region. The pickup

electrode extends to within 0.02 inches of the sample surface. This electrode is

essentially the same design as the IMMA pickup electrode. Voltage differences of less
than 1 kV are set up between the sample , the pickup, and the cold dome/objective lens.
This field serves to steer some of the emitted secondary ions of the selected polarity into
the center of the pickup electrode. The exit element of the immersion lens is at ground
potential , and the secondary ions are then at 10 to 15 kV relative to ground.

The secondary ions are focussed on a set of fixed slits at the exit of the immersion lens ,
and this point becomes the object for the following electrostatic lens. The function of
this slit is to trim and sharpen the beam before entering the AFSEL.

Secondary electrons formed at the sample are focussed th rough these electrodes in a
manner similar to negative ions. If it is desired to monitor sample topography, secondary

electrons are extracted to this point and then deflected by the application of about 20 kV
so that they pass through a hole in the side of a deflection plate and impinge upon a

scintillator. The electrons , initiall y at —1 0 to —15 kV relative to ground , are at 30 to 35 kV
relative to the scintillator and are readil y detected. A li ght pi pe and photom ulti plier tube
convert photons to an electrical pulse for display on the storage oscilloscope at the
console.

6. Adjustable Field Shape Electrostatic Lens (AFSEL)

If secondary electrons are not being utilized , the defle ction plates are left grounded and
the beam of ions continues until it passes a dual pair of adjustable slits at the entrance to
the AFSEL. These slits are set at the maximum acceptance angles for the AFSEL of ±

2.00 vertical and ± 0.50 horizontal . Immediately downstream of the slits is an insulated ,
retractable plate designed to function as a Faraday cup, although there is no attem pt to
suppress the escape of tertiary ions or electrons.

The purpose of the 900 sector electrostatic lens is to provide energy filtering and beam
shaping of the ions prior to their introduction into the magnet. Secondary ions formed by

ion sputtering have a large energy spread and the AFSEL focuses these ions at an
adju stable slit where hi gh or low energy ions may be dis criminated against. The field of
the AFSE L is nomi nally that of a toroidal sector lens, however , the unique feature of this
lens is that it is composed of 20, instead of 2, sym metrically placed electrodes.

17
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Figure 12 shows the lens elements in place within the vacuum chamber. The insert depicts

toroidal lens equ ipotentials. Since the 20 lens elements are independent , a variety of

field cross sections may be approximated. In princi ple , the ion beam may be distorted in

such a way as to take advantage of (or compensate for )  the variable fields of the VI MS

magnet and its fringe fields. The AFSEL field has , thus far , been evaluated and operated

only at the RPI suggested settings (see the Acceptance Test Report) .

7. Variable Inhomogeneous Magnet System (VIM 5)

Figure 13 shows a plan view of the VIMS with the ion deflection chamber , detector
vacuum chamber , magnet core , yolk , coils , and poles . The magnet field shape was

designed to attempt to accomplish the following:

I. Optimize both radial and axial focussing simultaneously for mass 5 to 300 amu.

2. Extend the ion focal points well beyond the magnet itself.
3. Cause the focal points to lie on a strai ght line.

4. Linearize the mass dispersion f rom mass 5 to 300 amu.

Items 2, 3, and probabl y 1, have been accomplished. Item 4, althoug h not completely
accomplished , has spread the ions out better than would be obtained in the case of a

homogeneous magnet. Figure 14 shows a side view of the Mark I magnet poles, and
Figure 15 shows approximate trajectories for li ght , medium , and heavy ion species.

Althoug h extensive and complex computer program segments were supp lied by RPI to
trace ion paths and compute field distributions; there has always been a l i t t le bit of
uncertainty with regard to the f i t t i ng  of the coordinate system , and the f i t t ing  of the
magnetic field data. Althoug h the programs do make a good attempt to provide for
electric and magnetic fringe field deflections , the predictions for focus at low mass are
not nearly as good as predictions at mass 200 amu and above.

The pole pieces are welded to and become the top and bottom of the vacuum chamber , and
the welds must be of exceptional cleanliness and quali ty.  In late 1974 , during initial
welding, it was discovered that there were extensive voids , dirt , and oil within the metal.
The nickel cladding was good , but the heat of tungsten inert gas welding brought forth dirt
such that vacuum tight welds could not be made. After  considerable quality studies and
consulting, it was decided to return the pole pieces to the manufacturer  for rework. This
was satisfactoril y performed , but it was November 1975 before we were able to proceed
with  welding the VIMS together at VNC. The recommendations of Dr. W. F. Savage were

followed in making the repairs (see References).
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Field plots of the VIMS were performed by RPI on a similar (Mark I) magnet , and accepted

as valid for the AMS magnet. A nmr flux monitor is inserted into a reference point at the

back of the VIMS to give a reading which is directly proportional to the true magnetic

field at any given point in the magnet. This nrn r gauss meter may be read (and reset) to

± 0.01 gauss out of 9,000 gauss. The ability of the VI MS to properly direct and focus an

ion beam was evaluated using a very narrow beam of thermall y em itted ions and a Faraday

cup detector , as stated in the Acceptance Test Report. Maximum resolution recorded

under these ideal circumstances was 1700: 1 using uranium ions and the detector placed

near the 235 amu point on the detector plane.

8. Converter/Detector Assembly

As the ions leave the magnet and enter the detector portion of the vacuum chamber , the

fringe magnetic field causes a sli ght defocussing of the beam in the vertical direction.

Figure 16 is a photo of a one-foot long prototype of the converter/detector which was
used to verify modifications of the RPI designed assembly. The outside of the assembly is

at ground , but as soon as the +15 kV ions enter through the outer opening they are

accelerated by the (design) — 19.5 kV which is on the upper and lower focus plates. This

causes vertical pinching of the diverging ion beam and prevents ions from striking the top

or bottom of the prism shaped converter electrode. The li ghtly oxidized polished
aluminum converter electrode is at a desi gn voltage of — 20 kV , and each ion arriving at

its surface causes the emission of f rom zero to 18 or more secondary electrons with a

mean number of about 8. Figure 17 is a plot of the electron emission probabilities for
32.8 keV Ba ions — note that there is a noise component of less than I electron. Similar

plots for a number of d i f fe ren t  ions and energies show a similar pattern , but the relatively

minor differences are not very predictable. The emitted electrons are accelerated toward

a steel ground plane which is perforated with 288 precision slits placed to pass the

electrons from 288 discrete beams of ions (mass 17 to 304 amu) . Each slit is 0.09 inch

wide by 0.45 inch long, and immediately below each slit is a solid state electron detector.
The angle and position of each slit was measured f rom trajectory calculations , and

careful ly  punched one at a time.

In the preceeding discussion , positive secondary ions f rom the sample were assumed. If
negative ions at —1 5 kV were to be detected , the converter would have to be at +20 kV and

the electrons would be accelerated toward a slit plane and a detector plane of +40 kV. A
major d i f fe rence  between this design and a photon detector (that is , Daly type as in the
IMM A ) is that here the electron detector and preamp must be maintained at the OV
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(positive ions) or +40 kV (negative ions) potential. While this is possible, it certainly is not

practical; therefore the AMS is presently designed to detect onl y positive secondaries.

The custom designed detectors are reverse biased pn junction silicon devices
manufactured to RPI specifications by Penn Spectra-Tech , Inc., Wallin gford , Pa. The
active area is 0.10 x 0.50 inch , and each detector is housed in a fiberg lass frame as shown
in Figure 18. The grounded upper electrode is 40 ji g/cm2 of gold, and the rear electrode

is aluminum. Figure 19 is a photograph of each end of the detector plane ready for

insertion into the assembly. The ground sides of the detectors are tied together into

groups of eight, and the signal wires are color coded to reduce the confusion of connecting

all this to 324 specific feedthroug h pins in flanges on the bottom of the chamber as shown
in Figure 20.

Besides the logistics problems of this delicate , tedious assembly, out gassing and insulatxon
against damaging arcs were also problems. The purpose of the prototype (Figure 16) was

to find solutions to these problems as well as to learn how to mount and handle the

detectors themselves. In the photograph of the prototype (in which there are only two
detectors in place) a white phosphor may be seen on the slit plane. This phosphor was used
to show the positions of intense cesium and barium ion beams when the VIMS was tested as

described in Section 9. Other uncertainties are the effects on ions entering the end of the
converter assembly at shallow angles at the-low mass end , and the surprising sensitivity of
ion beam focus on the precise potential s of the focus and converter electrodes. Much

more stable power supplies are apparently called for.

9. Data Collection and Processing

Each detector feeds the FET transistor input of a preamplif ier/ amp lifier whose output

drives about 15 meters of 50 ohm cable. The preamps are packaged eight to a unit , were

designed by RPI , and manufactured by Tennelec , Inc ., Oak Ridge , TN. Figure 2~ shows a

view of the 36 units with power and detector bias supplies in the center. Unfortunately

the output of the units , under operating conditions , was frequentl y noisy — some of the

amp lifiers would break into 2 MHz oscillation. It appears , however , that some fa i r ly

straightforward redesign , perhaps with more attention to ground paths and capacitive

feedback , will f ix the problem.

The si gnals are led to custom designed “blind” scalers which are also packaged eight to a

unit.  The scalers , manufactured by Le Croy Research Systems Corp., West Nyack , N .Y.,
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each have front panel adjustable discrim inator settings so that most of the electronic

noise may be rejected. The scalers reside in three power supply bins, or “crates”, and the

crates are interfaced to the computer. The crate and interface are designed to be

compatible with the international CAMAC standards. The computer, a Digital

Equipment Corp. PDP-l5 , can address any or all of the eight positions at 22 slots on any
of the three crates. Commands include address , gate open , gate closed , read scalers , zero

scalers, and a request line to the computer for service (LAM) . A block diagram of the

interface is shown in Figure 22.

Among the computer programs developed by VNC to use and demonstrate the scalers

are: AMSV4A — the master CAMAC crate handler , SCALET — a scaler test routine , DCII ,

PULSER , LAMTST — other test routines , and WATCH which displays the real time data
s-trobe d from the scalers on either the teletypewriter (TTY), or the storage scope ( V PI 5) .

10. Computer Display and Control

The TTY and VP I 5  units are part of the operator’s console. The console also contains AIM
primary ion beam sweep and control , a storage scope , all vacuum valve controls and

meters , beam current monitor , stage control and monitor , and objective lens focus

control. Computer display programs thus far developed to transfer data to disk , DECtape ,

or VP I 5  include: DEMON , DRAGON , WIZARD , FLIKER , SCOPE, MATST , and CAMVP.
Most of these programs use dummy data rather than real data. Some of the display from
DEMON is shown in Fi gure 23.

The computer also has control over digital input and di gital output via two of the CAMAC
addresses. These lines control the beam sweep (program B SWEEP) , and sample stage
(program STAGE). They also monitor the response to computer commands. Onl y the

operator has access to the z axis of the stage (motion into and o~t of the sample lock) , but

either the operator or computer may control beam and stage x and y positions. Beam
position information may be used to drive the storage scope in such a way that data from
a detector , or secondary electron PMT can be displayed on the scope. Raster pictures of a
sample have been generated in this way. More detailed information on the design of these
two components may be found in Appendix D and E.

11. AMS Operation -

Attention should be drawn to Data Items A003 and A005 which detail operation of the
computer , and Data Item A0 l2  the Acceptance Test Report , which shows the current

operational status of the AMS. Table I is a summary of operational parameters

reproduced from A0 12.
32
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TABLE 1. AMS Test Summary

I. Spot (5 , 10 kV — Oxygen)

1. Diameter - x axis - 1.75 ± 0.25/2 m
-y a x i s - 2.50 ± 0 .25/2 m

2. Shap e - Oval with major and minor axis as above
3. Time Stability (over 10 minutes) - Sample current stable to ± 5%
4. Spatial Stability (over 10 minutes) - Less than 4 /2 m drift

II. Sample
1. Translation

Step Size - 0.25 j~ m ± 10%
Stability - < 1 ~ m per 30 minutes under normal operating conditions

Resetability - ± 2 /1 m (backlash not detectable) with 700 ~ m traverse
Range - ± 1.4 cm in x and y axes (vibration - < 1  ~ m under normal
conditions)

2. Vacuum - 7 x 10 torr under operating conditions

3. Sample Change Time - Approximatel y 30 minutes

III. Optical System — Not available for test

IV. Video System
1. Resolution — 256 lines per frame

2. Framing Rate — Variable 0 to 5 frames/ sec

3. Magnification Range — Viewing Area Variable from 0.2 x 0.2 mm to 10 x 10/2 m

V. Secondary Ion Analysis System
I. Extraction Efficiency Relative to IMMA - approximately equal

2. Transmission Efficiency - AFSEL - 95% ± 5%
- VIMS - < 0.5% (probably erroneous)

3. Resolution - R 
~~~~~~~~~ 

321 (10% valley at mass position 240)

4. Abundance Sensitivity - 4800: 1 (At Mass Position 112)

5. Mass Range Available - 17 amu to 304 amu
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TABLE 1. AMS Test Summary (Continued)

VI. Detector Performance
1. Dead Time - Total System <3/2sec

2. Background - Between 1 and 10 cps (with 20 kV on convertor)
3. Counting Efficienc y - < 0.5% (Effect of transmission throug h the VIMS plus counting

efficienc y )

V II. Data Collection System
1. Operating Channels - 245

2. Read Rate - 20 ~ sec per channel

3. Data Display - Demonstration programs available

4. Control Functions - Stage
- Beam sweep

36
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Although the VIMS is designed to operate at a fixed magnetic field , it is useful and

necessary to be able to scan this field during deveopment work. An example of part of an

empirical secondary ion mass spectrum obtained in this manner is shown in Figure 24.

This figure is from an x—y recorder and a ratemeter monitoring data channel 66 (nominall y

set to detect ions with a mass to charge ratio of 66 amu per charge). The target was an

area where the aluminum holder , a copper TEM grid , and a speck of silver paint overlap.
The primary beam was a large diameter spot of O~ ions. Magnetic field was slowly varied
from 60% to 115% of nominal , and the ions were swept past detector 66. In practice, of
course , this channel would monitor only mass 66.

IV. RESULTS

The potential of this new anal ytical instrument are clearly demonstrated. It is now able
to perform all functions, with the exception of the optical microscope, that were set out
initially. There is certainl y a lot of calibration and fine tuning to be done , but the AMS
definitely performs as we had hoped. With malfunctioning hardware repaired and
computer software developed , the AMS should be read y for a vigorous development and
calibration operation.

V. CONCLUSIONS

The AMS was a coordinated effort  of four laboratories under four separate contracts. The
completed instrument shows every promise of giving superior analysis of small , or rapidly
changing samples. The machine is quite stable , and from all indications performance will
improve dramatically with calibration and fine tuning.

VI. RECOMMENDATIONS

It is recommended that all malfunctioning hardware be repaired , and that a program be
begun to fine tune the AMS. This fine tuning and calibration would include the purchase
of a number of suitable standard samples , full  evaluation of AIM parameters to produce
minimum beam diameter and maximum beam intensity, optimum voltages for the AFSEL ,
more precise positioning of the detectors within the converter/detector assembly, and
installation of the optical microscope components. Simultaneousl y with this work ,
software must be developed , based on experience with the IMMA , to exploit data
gathering, data reduction and display, and stage and beam control.

37

~



- .

NEDG -1204 5-245

-3

cm I 

~~~~~ ——— — — -- -= ~~~~~
_— V.- ==~~ _~~~~~~~~~~~~~~=- —

V. _
~

- - - - - _ _

-7,-

0
- - 1$

— ‘ - V

‘5 _A

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  V. ~~~~~~~~~~~~ _ V .~~_ 
_ _ _ _ _ _ _ _ _ _ _- -—-V.—- ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~ ~~

~~~
•-

~~~~~
- -

~ _~~~~~~~ ~z

> -~~-

• V o

J:~

________________________ ____ 

)

V.— ~~~~~~~~~~~~~~~ - - —-—-- -
~~~~~~~~~~~~~~~~~~~~~~~~~~~~

. 

-~~~

Figure 24 
— — -— — ______

Ratetneter Output from Detector No. 66 with an Aluminu m , Copper , and Silver Samp l~~,
0
+
2 
Primary Ions , and the VIMS Magnetic Field Scanned.

38

V.—— ~~~~~ - - -  —- ~~-~~~ -— --~~~~~~~~~~ -V.- - ~~~~~~~~ —- - - —— - — —~~~~- • — ~~~~~~~ ~~~ 



V.---- ~~~~~~ - ----- --— - - - - ----- —- — ---V.-

NEDG -1 2045 -245

VII. ACKNOWLEDGEMENTS

It is a pleasure to acknowledge the special efforts of Dr. H. A. Storms , E. W. Skoog,
C. L. Peterson , J. L. Carroll , and D. 1. Sayers. Although a number of different  people

have been involved , these people contributed many, many hours of ideas and labor throug h

the life of this project.

VIII. REFERENCES

VNC Contract F33657-72-C-0484

Data Item A001 Inventory — 1976

A003 Programming Manual for AMS , Demonstrations of Control and Data
Acquisition — 1976

A004 Drawings — 1976

A005 User’s Manual for Computer Programs — 1976
A006 Recommended Spare/Repair Parts List — 1976

A008 Quarterly Reports

A0 10/A0l 1 Acceptance Test Procedures — 1976
A0 12 Acceptance Test Report — 1976

RPI Contract F33657-69-C-0248

• Final Report September 1971

RPI Contract F33657-72-C-0173

• Data Collection System for the Mark II AMS — September 1974

• Final Report — May1975

• “An Adjustable Field Shape Electrostatic Analyzer ,” Nuclear Instr. and

Meth. , 115 , 1974 , pp 38 1-392.

ARL Contract F33657-72-C-0682

• Development , Building, and Testing of an Advanced Ion Microprobe (AIM ) —

Ion Source System:

• Acceptance Test Report — October 1974

• Final Report — November 1974

• Technical Manual — December 1974

39 

- - --- —---
~~~- -



---V.- ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ - - — - ---- - - - - — - -
--- - - _

r

HRL Contract F08606-73-C-0038

• Phase I Report — December 1974

• Phase II Report — December 1974

• Phase III Report — December 1974

Other:

• “Recommended Repair Procedures for VIMS Pole Pieces,” Warren F. Savage ,
January 1974.

• “CAMAC — Organization of Multi-Crate System ,” TID-25875 and TID-25876 ,
USAEC , Washington , D.C., March 1972.

• “PDP-15 Interface Manual” (DEC- 15-H0AC-D), Di gital Equipment Corp.,
Maynard, MA.

• “Technical Information LRS Model 2588 Octal 50M Hz Latching Scaler,”
Le Croy Research Systems Corp., West Nyack , N.Y. (Contract F09603— 75—C—0185).

40

---V ~~~~~~~~~~~~~~~~~~ -- - V --rn --V-- V - V .  ~~~~~~~~~~~ -— - -- -- -V.- -  -- - -— V - — V. -- -



- -~~~~ -~~~~~~~~~~~ ~~~ - - , - -~~~~~~~~~~~~ _

NEDG 12045-245

APPENDIX A
REPORT ON THE HRL Cs’ ION SOURCE

Excerpts from

“Ion Microprobe Mass Analyzer Experiments on Advanced Mass Spectrometer
Design Questions”, by H. A. Storms, K. F. Brown, and J. D. Stein , NEDG—12045—ll5,
March 1973;

and

“Performance Evaluation of an Experimental Cesium Positive ton Source for
Secondary Ion Mass Spectrometry”, by H. A. Storms, K. F. Brown, and J. D. Stein ,
NEDC—12045—221, June 1976.
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CESIUM EVAL UATION
i.

An exper .trte r 1ta i Cesium positive ior ~ S ~i ’~~i~ U :  ~~~ L 0 e 7  c - - a l  V . I V t E~~
’
~L

~~~~~ secc:ndany ion mass spectrorne t r- y IL:-11 3 1 1  i-c r1s -Cs~~:g  an

Ior~ ~ icrc~ 
-r obe -la ss A n a l y z e r  manu :’a ct u rc  J 7 -P r p i~~w — 

L a b o r a t o ri e s .  The duop lasmatron ion source  n o r - m a U i
4

w it h  the ion prcbe was replaced With an e~: -r i7 .e r t t c i  Cs

source designed and constructed a t h u g r e s  IU~:e ar c n  UP.- - - oPc - r -~~-c a .

+ - - - - - V
The Cs ion source cons is t s  of a O e at e c :  c~- n : u n  m e - t a .  rc-~~r : - v o~~ -

mflLi  f e e d t u b e , a por ’oul.i t u n g s t e n  ~ op,  i on s  nc r  a nL  O c c e A l - :  ~‘:c- r
e lect roces .  Pos i t ive  ces ium ions gccer ’a te- c at t oe  n ut  V. : r,n r t - :n
ion ize r  are acce le ra t ed  an to  the icr : n o o t - .-: at ener g  c- coot

uously  variab le up to 2 O~~OOO electron volts.

In terms of beam intensity beam diamo-ter and cur -r o a m  ~~~
+

the  Cs source is comparable  to duop l o n n a m - un ~‘i c- r m c o c e  i::

+ — V.

0 2 . Beam cu r ren t s  gre ater  than  IoU 0 a 7 e r c :  :-:e-r- c c t t . 1r. c d
at a beam diamete r  of 300 gin . C e n iu r -  Ion  c u r r e nt  c - o n ; i t U o

approaching 30 m a / c m 2 at the s amp le were  o hs erv eu  at beam

diameters of 10 gm and smaller. Peam diamet-:rs c~ l~ cs tl.ao

2 gm were achIeved. Primary ion current stabUi:v withIn

~ 2 percent was jtaiotaineci over e:-:te: c1-:-P. r er i c r U  a: t am e . OC -

ion b eam f r om thc  ces ium source  wa s  o± cI :  ~he :c n i _ V

tn-a t ob tained  from a d u o pl a cm u t r u :  vctr .  c:-:’, -~~~n.

poss:u~~e exception of Cs2
+ 

toe  t on  c~~n o - - : . t s  - t- :-n nor

species were lesa than one c art ir , 13 o: : - -  Cs is:- c. - t V .  

The cesium i on source is expected am O r L i ’ - ; t C  :o r  ( : I ~ ~~~~ :o~ :o

of t i m e  betwe en main ten ance thor :  U 1~ .::~~
-- - :  : : n ~~ : I i ~ : . ,  CU  ~ c n

being the design goal. ilo,-’evor , ~~ i’ -~ i - ’ :Ui lu :  :-: :-~—

1e r ienced  probal . y res u lting f r o n t  a “-~c -: - f ore ..: Lu- 

Ce rtain seccn-iari ion rrid ;s I p e C L  ri -c :c~ a: : I - 1 -nc - - - : .~ ~~~~~~ 
-

+
performed with a Cs ion S O U L Ce- . ~~~U 1. n - -- t . s U n t .~am

cer ta in  e l e m e n t s  are s i g n i f l c 1 st y  C L 0 c b O~~. (u p  U ~;c- - . - - U
+

orders of m a g n i tu d e )  w i t h  Cs r e la t : v e  to O L t c - t
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+ — + +
( e . g . ,  3 , , 0 , I L  od Ar ) .  . 01 : .; c :.e  ele:: - -am : . : . ) o - -

cot c t c:-: . n-s:sHti~’itI e n ::t -~n c --c - i : - - 7 , C , t - —- p

( e . g . ,  r’m.) , 0 1 I. U:V. 
- -  ( c . ~ ’ . , 0 ~~V - ~ U , r - o u p  .1 (~ • .  • U

OOU t :~:C O .. t lc O.c . dlS  ( e .g . ,  : 0  a m i  P t ) .  ore ~s ~or. c o r : - c -.~
Pi ’OV 1CO5 a p~~:- ’ e r :- : l  t oo l  : oc- :. 1 - ! e ; o a ga~~:: c- - or:- T~~ - cam O c O  000

i nlu c e d  s c r ea m  c o r ro si on . T ~e- : ti  e n s - i :  ‘- ‘I t i - - s I:- : t h o r - c
two  e l em o - ut a  -n’e t n c~-e0:cd  g r e at e r ’  n o u n  - I fc U  o-:c S

se co n c a r v  i - c .  :nu:~s a m :e C t r u : ; : ct c - r  t~ _- C :  ~ ~~~~~~~~~ -

1n .o auva::oed leO. sc-ucce  ( A l l )  s y s t e m  I a n  c c  - : . 1

to  v::c fr’cn: Hughes Pc-search Labo r -  l tor es .  I T C I o U c e : - .:oc  0-
+n Ine t ee : :  u : - t l I~~~no  : cor t o o  Cs 5 0 C C O  a :  r o a r - ’ I .:oscn . i  17.

1 :.or: nc-arcc ~i d 0  bee :.  co::str - - a- .r c e d  - -ram. n o r t :  cU’ P : c t ~~ I

at Ha - h a s .  .~~~~~~
- to  c 0 t r ~~c: l I :i a : u i t am-- s i i - h~~ l a m  c::cor.t —

eat w a r e  -:- o t .cSO a : :  s : a r - c - .. s .  C u r - : - ~u c  am1u:a am C ar-a ac-

pei-~ nn:r. C U O S O L ’  cec t s  -t 0. t : c  a s o a m u e  U s _ : :  t h e  i-r n .

as a t est b - en : : . c 1 t  et  t o - . so t e s t s  are am::.p l a m e .  o nc e .  

:ur tamr ’  i O t r ~~t C O t i t f l S  testIng Ct toe Cr. is- n sc-un -mr -t
u c - : t e r r p l c te d.
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II. Intr’ouuction

Secondary ion mass at?ect rometr l ;  s t o n i -u  t .’ C .  ~~~. - - n

have p r o v i d e d  i n rp e t u r  fa i r C P I V e l o p a s :f  a h i gh  L r i g l .n : er .s
cesium p o s i t i v e  ion source .  ‘

~~ Ar~de r n c -ra ’ s d a t a , : t e a t e n t e - a
in Figure s 1 and 2 , demons t ra t e  t i~c ccr::; I . en e : c t a c - -  one lt ’ : icU
capab i l i t i e s  prov ide d by 0 and Cs + t n r ~~a 0 : : 0~~t U - a  a m i g o
va r i a t ions  in s e c o n d a r y  pos i t ive  ion1 I n c  e ns it i e s  : : o .

e lement  t a rge t s  u n d e r  0 b o n b a r d r n c r1t , as s-re- n in- I T i ; n : -~ 1.

are re la ted  to the i on i z a t io n  pot. : nt  l o I n  of t. - 

Ueni:er~ts w i t h  large loni cat i 001 IT o  c er a n i  a i r  g e o 4 r - a l P ’ , - g .  ‘- ‘ -

y ie l ds  of p o s i t i v e  ions :~n d er  Xy , T o : .  b o m t . n c n o o t .  - ‘I —

t i o u s l y , e lem e n t s  w i t h  h igh  i c o i n at i  -a rc a m s e a m  U~ a lso  - n c n - : - : s

hi gh e lec t ron  a ff in i t i e s  ; t h at  is , t hey  ‘t r -an .n to:-:or I n- a i n n

more eas i ly  i o n ize d  as negative icr s . Unfor-:cna:’:II! hc— -.-:ec- -:n ,

oxygen i m pla n t a t i o n  genera l ly :no: c- am-os r - ac  sn c f a c ~: t r am: -.

f unction so tha t con ditions f or n~-g a t  i - --c ion loon 

unfavorable. wh i le  b o m b a r d m en t  w I t : .  :~it r ’c -gen

genera tes  f e w e r  p o s i t i v e  se c cn d c r . - i n n s  ( I r a  a ol~:a n ‘, a c  —

system) negative secondary ion yle-Uc -: coo O c t  s:0rc1 c .c. ’;
h ighe r .  Andersen  so lved  t h i s  diUron o by -:n . :lcr - -- i n n  o n : - - i :i i-c r

+
thermal—emissiOn Cs ion source . gltlccugi-, th e  U- i  c ream
this ion source was low an al lifetime short he ‘~-,c t  - I C  t O

de monstrat e , as shown in Fi gure 2 , significantU- higher ic:.

yieUs for the rn-are electronegat l’:e elements (i.e.

electron affini ty) than that obtained uncer oxygen IT no.1 .rr-:::e :0. ‘
~~

ly either oxygen or cesico bombar coont he was ahi~ cc Ce-mn ::-

strate nigh Oeteut~ c-n senstt:vitam S I C~~
- t l amse  e a m m I nt s  IT -c

studied.

Cur ‘rxpcrlence co-mc::i strancd that tnt - L~o am’ at cU1~~i ~~~~

elements (Li , Ila , K , Cs) in to e reg ic-n at m U  vs is cr1 h~-rnneJ

n egative ion emission. The enhanc~an~- :rt in -‘i s i g n  Hi

sncwn in Figure 3 , results fi-cro the pretence of a par: i d e  am

cesium salt . Cesium sputtered fr-cm toe p Irticlo to the ~ aUt
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sob- am r ot a  a r - r o o d  t b -  p a r t  i c l - t : - c .l - -~ces -~~ a-en  or. t c i i  a

mr~vc amib 1e cc t h e  gene ra ti e1 ,  r O e  5 0:  ‘-5 : 1: . ~~ :- .

l o c at i o n  a: t r a m  two  p . ~b : ~ t - ~- -am c c-a: . . :  ~ -1-- a : . -
r e la ti v e  con ce- : 1t a ’et a mn 1u of c Uu::. -am go- Icc t O V .~~t 5 V .~~~

max~~mum Ac — 
gic : : c ra t ion . R o la t i ’.- - ’: i c i v a m  he ~~~- - 

1 ’ -

in the  :i g am-c - mc c , In t u r n : , Cue t - o n :  s or no:, c c I  cc: :10:.
c ff i c ie ncU s  r e su l t in g  fr- cm t o e  p : ~~t 1~ .~~1a1 go ~r~. - - -am - - c o n - l i t  I T a m .

In  t h i s  f i gur - c  t h e  p n c k~~p e l e c t o r - - n  i s  a :  s Hal  am-c tam

l e f t  -

Tb- c pc’e u i m i n - s I - ’’  s e ru l t o  w I t h  c e s i u m  - c O L - _ I t  U’- - : A L A l
perl .  r :,oe to  s 0~:5Oit ci ce so am m o o ,  scs i-cc  - L: :i: I -np:::cn 1: ~ - - ‘ : - -: r ’ -

O U g I . O S  R e - s e - a n o n  L a n a r r a c o r ~ ,r- -: T - I U  , 
(_‘ri, i I O O t  ~.o r  . - . 0 ~‘ ‘ c - a

to  d e s i g n  ~:cd co n s t a m n t  t he  asv-o :c - cc I . - . s c am - c- c t ’ S t e r . .  ( :‘-. I a )
- c  

-

u:c lo r- Conam e S t  Fc8g0:— 71—C— 31s8U The  ot~~ e - c l a m s  of thor
w e r a m  to de-sUc’-- :cigh bnisi tooss , st e c - a c  , : - -al  I :1 ic Cr. end

u-n sources , u n t n i : r  a S10~~ I - _ - vaca- € n m r l c o -  , f o r  s ecc :-am or

t o:: non ss  :100:  r - o : .e t r -y . Tuese two cc:, nc- -cr -con were t o  be  U’
-anu r — r : a - a a m -j  .~n t er c i . u n g e c I .

I r a -c e o : I ’ ,’e .1cc coc ’e lc :a-ag 00 = source  w a -s p Y : - 1 - ~. c _  -am

r~n g a m o e : : . o :. fo r  ram Id Ion source ir, :e-rch or;- - o. UI:-:. Ci rce

toe ctuo:1as;:aF: c-: , o’o :C:- , iS a OIL .  ma r I a :  0 -OT C ’2 c : ’ ’ gun

r o u r c c  , is ::ot c o n p a t i b l e  U th  cam ~~~~~ U, t :. -a same cco:, s:.

- :n: v c i o p e  , i c - d i n e  a l o g i c a l  r . u h r r t : t c c e  . U: is - I

t ha t  seuc- ::dary : r o s l t i v c  i~c-n ~, J cUr; w i l l  U- c cm r a : ’a b I c  lO:V.

I an-h C c c l  to  or the I ion :-roer~ e per:
V.
o::o r :cce :-: J - i  I i- c

oe- t , -:oen th a t  f o r -  0 and  0 2

The  ce c i un  ic- n s -n u r s e -  w a s  coos:.r:~- ‘ el l v t a mT l O S  I-
h a l - c r - st o r i e s  aol -ccl :. v a r ’ -:c: no  :::.e V 1 U ec i : o s  ; :Ie .an  IerY.c :-

( :1: 0)  
~ : .  a , U 7 5  an-I m t -H U e  n -n t i :c U-n H i c r - :-. r - al e-

s:. -: n ’,’zer ( . , 1 L) .  rertcrmcn ce e v e t c c t :. cn c - r u t s  ou r s-  :c r c c - : r a e t

c -ncr  t he  or> : t s ix  w e e k s .  At  t i - c c 
- ol t h i s  m r-ic , :11 : :t C -  -

c e s i u m  w~~:: c a n s : : , r -  arac: U inc r - e1 .s . : 1: ’ :  b l Ur  t e ; :0 : r
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required to g e n er a t e  cesi-o rn vapor  c aused  t h e  ed1-: 1 Os of a

h i gh vo l t age  Ins  Uat o r  and  r e s u t a n t  e n d  of ion so am-ce life -

In May the ion source was r e t uon e c  to U-cghes IT -:amar - ai .

Laboratories. Since then the ion s o u r c e  i -as IT -cc :: - : a

while stcoratic efforts have ace:: :or de to r -r :p air  tb-c c:c- 1

source and perform preitmonary tests On t r ,c  n o-a t o e  -

Resul ts of performance tests conductor-I at V I T C  a-c am b-n -n: :  am-

por ted to AF TAC in vari ous d o c u men t s  no. 1 U : c e : a.
L _

~~~~ l’:.e
purpose of tc:is report is to br--ing all of this I : J - ; rnca c I

together into one coherent Cocumant .

I I I.  Physical Description of Cesium Ion F o u r - cu

Detailed de scri ptions 13 ,U of the c~amiur:. ion scam -c-c i:~~- ’ Oao ::

provided AFTAC and ARPA in Contract ho. TUfCE -53 -C -C UU t

reports. The -hescri ption given hole-c is br— cle f cccl :— -U::amn-

The cesium ion source is basically a toer-nal icnizac lot ,

Two unicue characteristics of thns a c-n source are tIT -n I 

tdngsten no: izer anc the cesnuro ac- t al  r e se r -v o or .  - :.e .s t am-am :  ac- c
craw : rag to Figure ~ ti~ ustrates tam ccncent cam s. - : o t t . ’ c:
the ion source wnnle camouflaging the damUsultams of cc 

tion . In order to generate cesium Ic::: tl- e rose: a-air -- cam - - . - -
f u l l y  heated to evaporate cesium at a cor.trclleh rote .  desU:: .

vapor mi grates along the heated feectute cc the ba ch at t ; ,c

hot Porous t un g s  ten plug . Cesium v ap o r U f l a m e s t:,ram 1-h t oe
p o r e -s to the fr-oat samface of the plug c:-.cre cesiam. sac::

nc-nized and then accelerated by the natcnttal corl:sr C t d ~c b e t - -am . :.

the focus a~c-d accelerator electroces. Ucla vU t a g c  is c s -n t i r ,u c - a m -

ly var-table op to 21 ,000 vclts. U-e acceleratc-a is mein tair .se

at a negative :iO v~~~t- .: re~ ative Ic- gr -ounh  to pr - -orc:rt e~~~ct: n-n

and n ega tive i on backs treami ng .
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- - , I  - - - - . ,  ,- - - -a . .r ~~~
. L o r e .-! 0 ~~.e  ~~~~~~~~~~~~~~~~ 1~~~~

. - c -  - - 

::ao ::o cc; s : . s a .’I a: a g o r - c  t - : .  T : , c~~~c:, :.d S L - O 5 ’. - cc’ c : -

amotor 05 tn .- p10 t o L c  as  t f l e  ac ccV.e - orc:- a m: c ’. c U .  cc-,

center is t O e  c a cC a m e t  cam : t  am-- c t o: -
~ U-’ -so: am . c-~~c~ n t O -  c . - : r5 O  too

+

Cs ion t r . -: :.e 1 i g o t  c0 lo r - -~ - , Ce p o - sit s  St t O ’— C In  t h -~ to a -~f

ha l f 1:-cU r e c : : l t  I r a : : . snaamte: -.- - - 2 : 1 c c  - or - c ross I: ~cU t r a m ’r: a

sic:.. c s I a ama- .-;: s tr - ue ::.  I t , - c  m e t a l  U I I : a o r ~- ou;:-:c : c l a m

acce lcr-ntam electrode clcco .SCO’/e  c c  - . :  t e a s  soleIl . lc-UI::g

ns  p i - o v a u s e d  by t : c  ~ a lL .  - a l O c  i n .  t a - a - g - c o  c:.:. I :e - cc - , e t c  no.

I s  . ‘1 he i - u d b , c  i c r :  a O- ’Jt~0-: , 1 1. . :H_ Oe , . - . ~. -c . c - : act : tic :,-

hr~ c
--ect y u.. -o’am the ceslu::. -cc. 55c:’c am : :. 0 2 - - ,’ - -- c c  - - a: ‘ :. -

~ I c - n o .
p l a t e  180 -.:egr can , c -attn -on ex t e r n a l  - s r o v c o.’c c : :m n a : r: . ,

b O O r- O C  would be at t h e  h o t to r o ,  s or -  oc cu r  cam: - cc .  and Ic - Cs or-u r ce

out of toe Wj:7 cirectl~. p’ ac- :--ve

L~~i t e - 1  r-- e:,.a-va . to n - c .  U c - .-’as. uam :. ::-~~. n o.g en - :  m-~~~~ c cc - nc La-

ion ss-orcc a c t - - a r - s  c:: corsair -cd am, F a~t o r c  I I I  a m - c :  a m a
-a C on c a ve  z.ul ,-hc- . ne:: cap she~~Lhs :::e 6 0 -0 cc. U. em .: t c  - ama

toraUt-an icnnne. - To h e a t  the :c:oror, -auto  am - 1. cc~~s o .
tOri tcngste ra coU c- -octa l aroun d am. -~amnI:. a i:Sclct .c;. ‘ IL  : - ~~~ I T -
tote an si s t r a m - t u r - a m  Sutcoo r t  ar e locoanc -at c,au 102 . -

lIce-h provides sopport Icr-- plot-or :- tecir.g ioU ’.

E’-:nlo tI:ns a: tao ion source We :-- carri-U cam: -~ -

‘‘ V - .  V 0 ‘ ‘ v ’  - - - c -  - . - - - - - .: a c r - _ l rc .ce ~ si c 5  encc~y :e r  ( Ic -  :. c . e l i d l o a m . 0’ c.

seseam-e ::  a m a n a - r c 1 1  c r- s os .  U-.~ daag:-~~:: . 0. n : , :- - H I-I- . an U c c :  —

:lam:. tr-ates toe  e s s c n t t - a m  corapo: :e-: t s  c-c t o t s  am, T : .:..- n c .  U ’  
. no:: sousoc- a t  t O e  L p c r - ’  . - n . . t  r-:~co 0~~~ c O  . . a - :

+t b- s e : - t s c r - . ::. . :- . tc t l Cs lo:~ scor e- n .  U :. r ;  c, 1. 1 c c -  c c l

r d t ’n c  n~ to ’s Sc O F O C  Cl -c 0 0 5 5  a . e : c i- ~~tor~~ cc: to , -:- p a m . ” 
OS g O c t l c  ± e U  ~.,i t r e ir  t r e ce c t or  t es  t e nt  90 le g: - es 5 - 2 .- . . . \ c - r  I .

eeOC~~ t itocat tOn c O t S  Od or . :; tog  01 t oe  Seam -a r c- p e r t  a-:- : -: a
CL Octo g an-s ciectrostatic v.: -:0 5 . . -. - ~ r a l - : r . n e r  .r:-.c —a: ~~ec ’ —

V - +
ave l enses .  Th e p r a m o as -~’ Cs Ic-n team ca. am m ay --:: ci :- -~sac:’am

50
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ove r toe r; cmp Ic ny c o o t ro l l i r .g  t o - . - ‘S( It -egeo  -on t o - ’ am ~::. . - . - , - -

p l a tes .  S amp les are I i : a m c d  :ra  s loe  c-s a -:‘ - L a m -.:i’ -a:: -::

an C:. a;:.ct c- r- ansi oat: in c h  na g :  . Sa:.:: Ic a’ c-:-:: : p  a c- c ot  1-:

throug h a b i n o c u l ar -  ::,ica’oscc . - e .  F-c ’ -IC t r~~r~a let  I or.s a: . c c g

x ,y and z axes and r o t at t o n  -c- soc -t  thu z UX V5  -are p: eva-ce:.

four  s t e p p ing motors .

As a r esult of primary ion. h cmb-ar ~ - c O t , c c -  U ::ol Ch cc

p a r t i c l e s, e l e c t ron s , e l e m e n t a l  and moiecuI~~r spool-s r or-c

e j ec t e- c  ( s c o t t e r e d)  c rorn toe sortoce  of o s-  S00p .~’ .

pa it ic1es  (s e c o n d a ry  i on s)  of seI~-o t e - J  coca ge 1 . 0 1? .-

e s c ap i n g  fr -on . t r ’ e s a m pl e  a o r t a e - c  (~ :-c f e i - r -~lc c. , t U s h ’. I and

level s-c r f a c e ) a r e  a c ce l e r a t e d  i n t o  0,1: s-:ccra.:a: - -

s p e c t r om et e r-  by the potential ctol e: I nec lu a u - _c:: :.~~~::.: I - s  :01

p n c k c c  eamctrocce . ame s000nc-am-y ao-:.s t a m  lnIr s a : rc am :. cc:
en e r g y  ans i  p o s i ti o n  i O C c S5 i O~ :ass S P e Ot t  a r o et o c  Sc 0, -to s:- -amama
w i t h  s eU r o t e d  m a s s— a m - — c h a r g e  rat U st r i . - ..a t he  h alt ’ :7~ -s soc

- ___ s - - V -ce t e ct o r .  - (l’he m u s s — t o -  -coa r ~~-c cacao is se~ e:s~.:o - -y c :: : t rcIIa :: g

me m a g n e t i c  f i e l d  st r er c gt : . ) Ut e c t o r  s i:n a l .:  i n  Il-ce f cc::.

pa1ses are f e d  c c  a pc - se c o u n t e r  cod In  t h e  f o r m  cf  c ur r

are f ec  to a spe:t r s r c  r- eco -amscc anal  amIno- ce t :.b c- -: (~U— 1) .

th i s  conner it  is p o s s i b l e  to o b t a I n  n.e -s sp e c ::- : , sc-a c- nc .::
a-o n s i g n al  i nt e n sit ie s  and CRT br-:graa:ac- ss ::.chul~~t cc - .  ::,ames  a:

creel s i g n a l  in t e n s i t y  d i s t r i b u t i o n s .
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C e s i u m  Is a I t e c - S I - J C  m et a l  sl :co ta :~ c - a m c I~ ... i : .g  CtoI c o o .
e xp o s a m e  to oxype rl cOc CsOh . X~h. I 

‘ c . Ot c Z t  am ’ -

vapo r. t is therefore ::c-cessar’,’ to -:nca~~~- rl - ~~ t o - :  ccc

(A P yre >: Cap-solo is u s e d )  on t i l  a u1 g:, c::~.oa.::, U

Then toe cam :. .:Ic ns ru ::tur-1 . -c an elecir-acalIc; .:oca’;are-: hc-::,:,,L-

~od the pta cue-ti :n of cesIum ion: IS ::- camsi : Ic-. V - nc’ puca’s

failame of :::e vacli un. syston .  ‘ -:111 r e s u l t  U, t h e  :o, sr’to:,i:,: C:

ter-roanatoon 50 130 SCOt-Cu  t o te .

U. Cesium ~-.:n Ic--orce , - c - i t  -:-rmance Chaa act ~~:’a st a c s

Ces i amo.  p o s_ t a v e  a-o n so ar e-c c. c-r1c-rmd :-de c . : - c-r c -o : c : : s ta cs  -t o e

aeon  r e n o r t e - a  :y  nugl :es i~ese arc :: 1 5 0 - c - r n  c i t e :  t o

ARPA oncer c o n t r a c t  F C - 8 6 Q 6 — 7 3 — C — C O 3 ~~. ( l o os e  ren -~ - or coco c

facsic..ilies -cr -c ge::er-c-Ilt-’ u n a v c ~i l U l e  a t  ‘2. - I . )

cvU_-cuticos u-crc cc :,doote-l o t t  a soc  o iL  l o st  00.0 Un c e  a::

son prone wa-c- onavaiaaa .1e.

Ce:  ca in  ion . cc p-o: for:,ance cam_ructeri.:t:. c: ‘ - ‘er — aLa s
e’-;alc: ted ,slng the ion rob-c at I’HC. -2-or e:-:pe: : - _ : , o s  c-alt ;

t o ts  scam-C e  -ave i a t : Cr .  goner-U I’: s~ ti~~f-:c~~~:a’ . C.cc t. ac urc-c .-- :.ta

3: ma:- ._ c. . _ :, . :ot - c~ ces .amn aco ;n t c --n s ;ty  ( U  ~A ) - - er - c  ca:-.:as- - . :-.:

cam  ~~O~~~. - :O ro,~c-~am a m e n - an t  as 3s ~~~~ at t o—~~,e . a c c ea m r at :n~c

: o r : - c c t t c - ic s c-acre :,,acc- f or  toe  : r- c - c t a c n  c — c toe

t o t e r - c c -  ‘ e - I ’ ,’ a s l i t  a:. t oe  U-I U ’~. U: s coax - ‘- a: cam

‘.‘ - cc I ’. -~ -~c~~:- :-. l : . o,c-l ’c as t h e  acce . c- - : - e t l n p  c ’c lt c i g c- ~- a . s e 1 .  to-

a / . ~ Oc-a e n- , - x c 2 c t  - net  - c - .-~~~~ v- : U — r b :orgo a’ .o. l c-ge :~~ cc-s  

c- c - i - c  ~: ::.c- o. ’,e -. - -  .~~~. . . t cr 1. u .  hU e a::: so-am cc :n .am s~~~ce- C-:. tam-

0.’ O tt o  0 C ’  -c - S l1- ,~eb c I : l . cug . a  1 5 — I - -Lb c-sac

.tt-U o-c~. wI t h  II - :l.c- :~icn v o lt - c - c hc re -a -c-ac: -.-:n -a n d  2 0 — h - t h e ’,’ ‘ -a ct S

t a h o e  - w ,  to  ro.o~1 er - a m e  -ii I f i cu I t y .

52

~ 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~



NEDG-12045—221 NEDG 12045-245

In t e rms  or  c s i - i - c ot  Cel iv er -c~ t o t he  :ccc.p U- c-n -c ::. . n : : .- . -cc. :
c i an ,et er , th e  ces ium ior-. sour-ce is ccmt :-a : able to  Ii. :-p. I c o a t :  am.

p er - forma: rce  w i t h  ° 2 ion:.  Cesiun .  ~on c1.: o u t s ~o,s . c-’ t . - : .  I
- 2 . - -ing 30 :A / c i t i  sa c- ru o b t a i n e d .  A l t t . oa g o  ‘ - ‘ -c- am - c -  c c -n :  . - o ’ -

beam diameters  less  than  2 ~am were ~ cb i e v c s i , t he  c t t O~c~

m on t  could not be rr.a ale because  of u . c .  o o l c u  in t r e c i ~~:c -0 — 

hea te r  power s u p p l i e s .  However , fo r  r : : eucc r - c - 5 I e  : c - c - : :. di c c - c - : c - : .

sma l l e r  beams were ob ta ined  w i t h  Cs + -th an c- sIt 2 , C~ a -  
+

s imi l a r  U-os s e t t ing s .  E x t r a p o l a tin g  Cs b e - ,o,. s I a m - a c t s  a
o p t im u m  lens s e t tin g s  y l e l ce -  en e s tim a t e  am am-:- 1: c - ;.n aS t l .e
min imum bears c i lameter- . For large b e an .  Ci - cccc - s c r - o  ccci to:, I a n

cur ren t s  g r e a t e r -  than  1 pA have been mea:amed at the sa:~~. -s.

Ces ium beam i n t e n s i t i e s  were f oo n d to be nc-re :tca :. le cc-am g I . .. :.
t i m e  i n t e r v a l s  ( e . g . ,  2 3  m in u t e s )  th a n  w e r e -  0

Howe ver , o c ca sion a r  ansi  s uccen  cL : a s  -.-:ere e o n s :  - c o o s  t am t , .

Cs + . Th i s  c,ac n o t  cause am.y g r eat  C .t o :a ct ot ,’ . :::, -:, ‘?s.  n - c

composit icn  or toe  C e s i u m -  bean se:s. c-- en  C c.:~~C c -bc coca

reveal any impurities at the 10 p-p m love:. .

We did oct  cnco-~~ot e r  COY s i g n i fl o o c t d e tr i m e t a  ‘.o l  HH. -I s f 1 ’-

due to  c e s i um  I~t:: sc-cr-ce  op er at ion .  T h er e  w a r - s  ta -s a ’:

v o l t a g e  bre ako-scans or - -d e g r a d a t io n :  1:. v.c-coo:. a~. a :

fac t , the ca m ai r .a t l o n  o: son sour- ce coLa ~am a - c- to. - I t -c-am

c e s i um  atom:. cUr c - a g  o~~Cr C t  ion  proviccamh am. :1 : ,c -  :. : nc 
-

v a c u u m  pomp .  Og er - -f a m on a l  v a cu u m  p r e s su c - . : c-acre :: . a

tor r  range am ~p it e  or  two small vacosm l e ak s .  L a c s  0 0:.: a - -0

ta  U to r r  cp e rat i o n a l  r a nge  w a t t :  -oxv cn t O

ion source . In the  past year  s m al l  Cs + 
h a c kg r  coc~~s h o :

obse rved  in secondary  ion mass s p e c t ra  un - c -am ce nt L:: -
- : c :  c- I  10 1’

c o nci tlo n s .  I t  is up -paren t  t o ut  or ,-s - co l i~: . ad so cam :
a p e r t u r e s  and is now be ing  t r a n s fe r - c o d  no sc-co la- s :. ‘.

- the
sputtering action of prima :-,’ i errs ~nC 501:0 i e :- t - t  S -c r - c  : -

secondary ions. This memory effect is s::amlI nun i:a so ’:-- :c- .~~.

signific ant.
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l i m e  I’C~~O 1tL- ci f or  ion  S e - s i r - C L  S t  cr ” a: -  a:.d : 0 51 :  - , - .‘t ~ 
- 

long. Upsoarcas of 1.1 i.e -ut . : -  s t- : n t o  ‘~c 3.7 ’.- 1, -cam too’ -co o

were r e q o a r e s i .  In c - i c i e r  n o  d c- : . i c c ’1~ -c- 0-ge :  . 
— 

f : ,  a :  a m c - f  a
oparatang tirru~ two sham as Oc- ’ ’  , 5 : t O  0 .

operat ion would OC ’J e bee:: , -~~f c n .  I : so:: .o . c - n -  p ’n r -n - : n : : L :. -n -:
been a v a i l a b l e .

Ion so-cr-ce l i c c t i n,~ ‘.-:a s shot -to : -  the :,  t o e  ~-:Ug::c-c: ~t n :

was j a r o L -- a toy  a s0 rec t  t c S U c - t  0 ~ ; cr ’ -c-~ ‘ ‘ c t’  a m -  c-

t : O g O u S  cot : co. converSe --c n-oct  O S t c -  ceo; - o,, :1 S’S c-a s .:c. . -.:.
As a conse-:u-cnce thu cesio:,, c . e tU  .- .‘ c- a m - :  l ,ctccl  :;ram c.ca ~r L’
hig:.er r o s e - :  c-n a :- tc:.;perctc-res ‘v S C I’ : i c - c - a m :  - - c ‘ ..:: ‘o th e-
.~ a c - t  - o e n O s a t r c  o: m e t a c - .  ev cntu cc .  to , a t~~’:0to 101 :SS t t . l’c - C C C

crack oocur- r -:c- a::d sotse :uunt b Ig2. c c -  l n a g - c  : r a c k  ,.o- .’:. r

am. u no o ot . - c r - a t : n g  ic-n s o a r - -so . 3 p’ t : a c  ta: :, c u- a : . -L
- - U U 7  no am - rat : t:ce conicer oea t~:: c - n -.: am ’- :.~~ am . - :, n .. .
r e scr ’- .-’: h r  en d  fe-c - am. o . e h e a tetoc. . c- t .c- _ to-am am a m c - : O

V . in , 

‘-‘ 5 - SS  e S .~~~~t 25 3 :L o _ r s .

-- 
-t

- . - ‘. c , . ~,~craoci ~~_ -ns tO c - . i ap l - -:vc c-a i- 0 am- am cc-

none c- c - c - t ng c :-:~~.c-r i ’.- o a c  c-s e- c-acre a: . -: cc - :nc -c - . -. r e a m : : :::—
4-

os - on e -  t o  uco;ncs 00 c-s ay :  to am.: : 0 . -c u t o r  - .1 c- S : am. cc  am c - c

or t: :cse r e’ C t oO O . t o . c-e t I e O S  a r e  g i ’ .o:: t a m -c .

I .  Use I.. C. n-am --oar so : t r U e s .  cc e I . : , : I~~~t e -  cc :

f e - r e n a -c c-a l. :: I~-T-L -ceo U - c t r --o:

2 . _ e - - -  -: cc  -~ : - ., S To i -  - ‘to. Ve ( t C :  U i ;  i ’ - - - n - u - ;  : c- 
-
- - C 0’

4 . 5  —- - - -  .4..”.

3. c , o - _ : e- ’ e to’ . : a lit _ a l , 1 ~t c - l  La~~~r.. ,’,t  _ . t S e C  an:  :- 0

L-, , -. I c I  t o  ;. - r e - c - c- : . l: c n 1 : . .  C:::.. ,, -o.o o~: s o t o  c- to’c-to  sod

.o.ort  ho c- .

to r - 1 t : . a :’ a c - c - . .  : t o . - : - , : -  : c -~ , .:

the : :: score - :- coo .  - : .g o c - a t o  t act : .  a m -  : :1: - c - -c . .

54



- ~~~~r ’~~~~- - .

NEDG-12045—221 NEDG 12045-245

5. Use a st e p p ing  \‘O l t~~iL-, c cc-r i ’ ~ccl or . t ; , c -  . 1 2 .  ‘J U - c - i ’ :

pc-c-.- er -  supp ly to  j a i o ) V i d c  : amp ro du c : iL - ’ l c  ion ce-ecU : 0  0. ’

vol t a ge .
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VI . h v a  1 c. -. i t  lot  o: t o -  - ~
‘
~~~~- ‘ iu~ - Fo: ’ \ ‘ - 1 0 ~~O( t ’ a -  -

‘ c - t  ItoL I t .

Scc-c:uh a r -y Io ;i  - hsss S r- c Ct ;  - ‘ :1

A. In tr o d u ct U - : .

The m o o - c  i m p or t an t p e r - f - a -:: toe  c r- it o :  i c r .  f o r  t I l: ~~
source :a. i ts  ac -j a pl100t  a c-n to  S O c - O n - 0 c - r -c so:: ct - c - a s  5. 001—

r om et ry  ( S I k S ) .  To e v a l u a t e  t h e  - -c- : a- l .. -:. en:o:: anam- -: ’- - :

numb e r  of j a J i ’e e l e m e n t: : , cois 2 ;ouods  un-rI L I e - - a  . - -  : -

bombarded  w i t h  15 — K e V  Cs + ions whi lc-- :c .c-ss
t h e  s p u t t e r e d  s e c o n d c -r - -, icu:c- . Pn ~ am -:: am n e -er  cU-
repor t  ceals w i t h  secooc-a l  y — i o n  y i e l d s  ‘a- :o-,U t I r r~ - -

i-a n b o r :L a r d m c n t .  For I - cc  is ot c c n p a . .:. s . r : :  : 1 .0 : : - ,

16 — P 0  +
ion y ie lds  due to  0 and A : h om b s n cb c , cn t  e - O- :~ .5 l .t 0

o c o o  n t c d.

is. d :-: :-eram :.:”nael Ir a - c e lu ru

A v e r le ’. ; Cr  ex t~~r sc .onta l  p r e -c ec ur c o  c-sore cc. : -ayam to
+cv r U - a t e  t h e  Cs ion :;ource fo r  11:-IS. i2a - .:cs v c - c - , c o n s i s t —

en o~ - ;:.c-lntaincd for an’,- 1’cen ~- c - a  -of c :-:pc . nic . -o 

or uon.par ir o n s .  The l ar g e s t  e f f or t  tos s cop-ama .. c C c- : . nh- a-

a n u ly s i n  of a set  c-f st a : :dar -Cr-. ccnc s l s-ti: : g of l-:- rn e : ,n

to .:: s::::le : n c - L ’(’ c - n i C  compou:: :s- . ~~~~~ sot  8 
c : n s f ~~t s  o~

S ~ st -c- :: - .~ar :  a - r .  a sr n g l e -  m o u n t , : i tg:, l y pol~~- : . oc c- :. - . c c- - , : ~:C

w a t t .  -c- c- - -~’ a am ui --~- r .. argo cron e- or -.1 c- :- - : d c -g os at e -n  c a m .
A sec-c : : . : et , j--:. -e c a r c--d  by C. h .  lavlc- r , con.s i . :.- o r

ar-c; h O c -  51 ) f l — 0 O L .~5el a l l o y s  c o :O aa i n c og  kn ot -: ;-. ac c- - . o  : to

C c - t  . 0 .

,- ‘- ; . -o c’ c-- ’ -s of ~~~c ‘c -  S tc - 1 t 5 c- t O  set c - s e t -  : r f -or-::, - -‘  c - a f t : - -, f -c ; :.
+ -4-

c - C C c -’ ] ’ O - r tor : ’ : -Ot’a : tic-to ol ._ E — 1 - co c c - i -  a:  .:: , -. -to

i2— i ’2 , 5’ Leo - , . Beca -cse :I’, s a:: :- ,e c-ac -s I i - s o c k  I . .
— I . . ~ :k~7 fc - r  p o s i t iv e -  and r .ega: : t’c sc- ce: c so ’; — 2 .

n~nu l ys es , am ste c l ave l a - ’ , act c -a l  b o b  -or- c - a m . : :  - : . c - r ’ s c s  ..~~re  ccc

give r :  b e l o w .
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Pr - i mar~’ S e c o n d a r y — I c - n  I c i
I c-n P o s i tiv e  I . - ~~’a i c-s

133Cs~ 13 .5  16 . 5
L~0 +

Ar No Exp e-r I :c :ents  1 6 . 5
1c0_ 16 .5  13.5

::~ E x p -c r i n e n t s  16 .

0 2
+ 13.3 i , O  000’imco cc

P r i m e r — p  ion beam s were g e n e ra l l y  d c- f o c u s s ed  at th-c- sc- ::.; U-
so t hat  current  dens i t i e s  0 . 1. -to u . 2  m A / c m ~ ‘.:ere “ 

For compar ison , s e c o n d a r y - i o n  y i e U -b  cI.ata ’.:er-a cisc— - -i

w at h  f o c u s s e d  Cs
4 

beam (~ 30 rc A/cc , 2 ) .  Soanp le  v o l t a g e
and energy sector  vo l tage  w e r e  :oa lnt -aan ed  at c-ncr-ce -- ; c- it -ra t - a

~.580 anc 3 2 P  vo l t s , r e s pec tiv e~~y .  Toe occonu -a ry r-- 3o v a : , :

s l i t  c-san set at 3 . 0 2 0  inch , excep t  Icr  op e c i al  ex p c r ’ i . me : .t : .
The a lpha and beta  a p e r t u r e  se t t i n g s  wer ’u 3 . 3 2 2  camP 0 . 2 0 - 2

inch , r e sp ec t i ve ly .  Ion detector- voltage was +12 ,360

volts for negative ion detection and -16 ,200 ~
,
~c.1ts for

positive ion detection. Voltage across the p-ho -toccol tirlier

bridge c-;as 1200 volts.

A t y ni co l .  secondary  ion y i e l d  exp -cr -  b ::;oot go- - :- c c c - c. b~- -

f o l l o w s .  U-3 in g  d e f o c uss ed  p t - i t o - am -k ion Ic-: am csc-cc ::-k t o - c - U - n

spec t ra  were  co l lec ted  on x — y  p l o t t e r .  S el act c - d “ m U - cr ”

ion peaks  were  then pu lse  c o u n t e k .  PoIse  count:;;: of

these  peaks  was s u b s eq u e n t l y  r epea ted  c - ft e r  Io cu sc - i : ; e n :-.e
p r i m a r y  ion bc -arc . Then r e t u rn i n g  to a d efo c o s s ed  : - r  - 

- -

beam d er tn  p r o fsl e s  wore t a k e n  (a t  cr - cc . ,: sar I. .  cc G u i - c - a c e - n )

of se lec ted  ion p e ak s .  For ‘. 6~ ~~ Ar + h e a L - u :
dep th  p r o fi le s  and lo c u s-c-c-c I-earn cxpei ’: n’te :.ts  c-acre g L - : . - r - c - . am, ’
not  p e r f or m e d .

3earn c u r r e n ts  f o r  each  p r - m ar  y ion sp ec ie  ccc :  f a d  r - .y : . C c - :

to day .  Typ ical curre:. ts  were  3 x 0 ~~ -‘c f or  l
~~~Cs + r --J 2
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32 0
4 

l :.:10 9 A fo r  l5~~
_ 

and 7xl0~~~!. f - or ~
‘0 !-.r~~ ~~~~~~

Some e - x t c c - r 1. rr :e- o. t s ( e . g .  , c a r t - c - n  H. : . , ~ ~l c - I L  - ) ‘ - c :  e

p e r f o r m e d  u , 4 i l e  r a s a e : in g  0-. ptc ’ i amt ’ , b e .  ama ‘ - - c -

area of the s amp l e  s ur f - i c e , in :::e:e cases  t2:h .- ’ : c ct :- e - : :ic
a p e r t u r e  wan used to r educe  t h e -  eug e  c- i  i-r am: U-c to

s u r fac e  im p c r - i t i e s .  I b i s  t e cLi r :  - c c c  m- .o:,t c i i-coo::  s::ce:
t-;o u id  i . ave  be er ;  p r e f e r-r e d .  i h c c e v c o - , c i .o r g  h :: :, p r -  b l c ~ .r
we re f r e q u e nt  c-chi le b omoc - : —d iog  - t h :  ce; 1c: - . - . accc -- I - - r-~ t ln g

e l e c tr o n s  and n e g a t I v e  ions 5 -c -osy  f r - c - ; .  t o e  c ars : Us .

t .sc-e- f r e q u e n tly  e n c o ur .t c re c  w i t h  mot e l s  am. - sr- ::.icc: . .~ tot-t ram

and a tways  e n c o u n t e r e d  cestn sca t - .~~ -star .s c o p _ c o .  ( .

f o r mat i o n  of t r~in in s u l a : i n.I .  1 a’,’c -s - s of ce- s ic-o c-:n:p o am I:
o~ t i s e -  s u r f a c e s  of m et c 4 l s  an- , :( - cO1 ca - ~ c o tc i r -t  ;:- -- . r c

be r e s p o n s i b le  fo r-  v a r i an i o nc -  1 ; -. our f a c e  ‘.‘U- t o t o - c o .  ) I t
c- - as t ;c e-r e :o r e  nece5sar -\~ to :o on . to r  a m t - t : c - o s  o r toe

se- :oocar ’,-- — a  nn  mass  s p e c t r a  cam-sog. :o- .~ r a t  - o p _ - e t c - s  :. n c c

to ~ - ‘ - c - 3 S  the  c -x t cn t  of c ha r g  i : .g  co al t o  c- p e n c 4 a-am e - - : 1

sc-rsglc  v olt a ge  a oj u s t m e n t s .  C n f o r t u : - . - c t c I~’ , t : .e  or: e

s- .;eep :rcve c r-oust use:: to contram :‘-.:t:o p c ~~c- vsltoges

h- , .-~~tt :, :_axfcc d e f l e c t i o n  vol t  toes c a nn o n  abc hcrfh
S a::.’Jc t c - n c - c c - o s  5y.

C. 2- -a .:u l ;s

Toe r-es -clt s of e:-. ne r - im c n t :  c - e s i g o c  d cc  - - - - ‘ c- U- . .t e

c -p g l ic c t i or .  of t h e  Cs
+ source  to lU--H c -cOO s :--I :c-- c- to.

Tab le  I torI in i i pc: r e s 10 througn 14. A cc-mo- : . r i n c-. :. o f

p o s it i ’.—e ( + )  sec on da r y  ion y f e - I c s  a: r.:e-r 13. 6 — b e - I ’  I c - . —

bombaram c-ar: a with negut i ye ( — )  s c - cc -ne  : on v I  ~ Uh c ; .:-,dc r
- - - - 13-3 . + - --t o.  L — b e \  tI c. borcbor’i:::ert t S S p r e S L  n t e O  :;: t o.  i . e -.

— c
The ion y i eld s  arc g i v e - n as c o un t s  c - - r  sea . . nab g o — I ‘

~

~imnere  prira: ;r ’y ’ ion c u t - r e nt .  For o:-: - - :: :U-e , a I. i :.; I C’ c -:-u : : t s/

sc-cone -  y o U-c -- I c r -- S y i e l d  fr -c: ;. a FeS~ samp le  irc :,Lc amas s
+ -t . ,at  one S : c -n  s :e c t : c ’ oo :-e :-  uvt-: SL Cs c - no -

t he  samp le .  The- ad o - t I  0~ sp o t t - s r - f o p  :.‘ ie i d  U- ctb t \ ’  to

aSt ten  I r ; e S  g a e a t c r - . how’s\’er , 2- - s-s t h a n  10 r - c c - n
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t h c -  S ic- os ge -n -am - c - :  c-e: - am - - - ccl l- - a l o e , e-~, d l : L - tI - o. - :  a - - c . --
ste Se C o : t o- c l  y mass  rpc -  a t r - c - r r e - t  :-y E v c t e r : .  . U- — ..-a to I n
2 ab le  I rep re -se - t at sr oaL : ;ubs&- t s  or t h e  e - :t a  c- c- - : . - ;  - - b

t h i s  s c a m y  , b u s  h c c u u a e  t h e  O r - I C  ic-U - cc-sc c-~~~ - vc-Iuo.::,

it was n e c e s s a r y to  selec t  a;::: r~~o o a c -  cc-n -a co :  : c- . - : . ~~c--

t i o n .  Some selecte: :  mole c U-c- c I c - ; .  a l  c c - I  cl . cc-
in th i s  t a b l e . A i t h ot o a b , l I m i t e d  in  :;c:pe - b ,  ‘ c U - -  c - U- ac
con y i e l d  costa gave a a-c r c c o n c - : - U - -  pie - cc - a t  c l - c o t - - c -  c - a : ,

( a l s o  i-c 5cr-r e d to m o l e cu l c -r  i c - c .  or p U -s- - am e c U -  - ; , )  : - . c :- . a -
t ior .  c-nd  d e t e c t i o n .

S o b - s e t s  of Table I t I c - t c -  c- aer c -  - a m - s c  t o  c-coo o r - c a - c FI g o r~ U- .
‘LU- cc- c d.c ta (an F ag  am - ,. 10)  c - se -cam c b : - t a _ n - : - :  I n-~ cc

Sta : :carcs  u nl e s s  c -t h e c - c - a s e  l : :t occ tc-c- tay ccc-c:;-c-:-:d c- a-
:sdrau :_ e - n r o - c cc - tc a - n c. .  h ot e  th a t  tls - -- ~ rece~ .a . ::g a :g : .

in-c f c c - l o s  b- :  t b .  E C O C ~~-o-c-Oy ion  p o l a r - i t ’ :  am ,k U- : ~~~~~~~~
- - ,- I . :-:.

id e: :t Itv  ( I . e .  , “ — “ nu gac - : I s ’e- s e c c n k c - a m,— I c - n

a :o s i t f ’ .- ’. - se c - :n c ot- ion
0 b-c cab ar--am.e :-i t)  . i i ,w t r o g c -n  s~ c~:nc.cc’: i a:: a’ i-a IC r - : n ; - -c- 3

ar . o::acr oe a:. c - l a ’ t : - c c - ra s i s s a c - t i a r .. TI.u st~c o c ar J  ~~~~~ so
to n.i. n a_ _ ’ p-are  t r ot a l c o . : :C c - e ’~’cr , t:.e ~c - F L C l u 1  cc::: c a t s

s:gn :. t sc-sn : -:occ: c t - to -to 01 :-~- r : - ’ --n enu t he  r c - su~~t c  rare
r e p o r te - l  he-ce s: nec  we c-.’c r-~s U n - I - i c  t O  c,b a t c - s : i  a c e - a p t  : 1 - I c
n y d r o gen  c;t .cndardc - . Two er - c- c a -a I r :  P1 s a c - -a- 10 a b e -t a  I
b c-err  o:.cc-ve:-ecb . ‘U-s e P y l e l e  cr - - c - c , Ce -U -  sbacc :I d  1.-c
“ — 5 .  x i 0~ k ’  r a th e r  t h a n  ‘ — 5 .  0x13 P’ c -ahi l e  t h - - l I p.

Ir e -co  I.-:g O c huc-i-P he “ — < 2 .  lx 10~~” s~c thor  th a n ‘ —2 ’ . lx1~~ ~~.

U--sc i r.correct  va loes  are c a rt - l e d  :hro .::L-. cc s . b  c c - c a m - : I

f i g u r c a - . C a l c u l a t i o n  fo r  P v i  -U- cl c-aas Loc:n.e- so 0:.

error  c - n i l e  the Ng y l c i c -  sh~~c I c -  cc p 1 - a - — :; an ut- c -c r

t-o eccour 5l  c a r  mass  a n :e r f e i - un cc - s  l o r a n

‘t h e data  :1: Yam , L;rc 10 itca - -.’e been  g:’c -a ;. d s ffc r e : . :  am
to pro asce I’igore ca tb.rc-U-}. I c - . lU-cur-’: 21 :~ a
of r e l c - 1  ive i n t e n s i t ie s  ( c c u r -, t c / - :e ccn l / U - A )  f : :  :,e g e t  i a - c -

- . 133 + . - -s c- c o n c u r -p  ions r - e ou l t c o g  : ro.oc Cs ic on ,oc -r~a: 
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at om i c  n u m b e r  of t h e -  i c : ,  so -eU - o r .  Fl j ’:~ r - -~ I -

C c fl ,L-dl - - c - le  p lot f o r  - b o s a t i v e  :- - e C C - f l L~ c. . j  sons r - .- ,~- . 0: . t oc -

fr -rain os C_ bcnbair’toen::. b ach  i ; :t c .- ; . c i t ’ 7 -’ l b

100 pc - :-cc :-.t of th e  e lc -r :c : ,t .  For -  e n s  I c , t b - c  S I ’: . ;  c-: -;

va luc-  f r o s t  Fef ~ j r .  Fi g u r -e  10 ( I .  l> ~a c~ ) I :  mU-sipli c- ; c-p

1.5 ( 6 7  atom per -cen t  S)  an:: ~- I c - t t e d  -as U-C :-: 3
1 

i n  Fi g-c r - a  11.

n t e:c si ty  c o c a  fr -cr ; .  p a re  c - i c - c e n t s  c-re p 1 - toss .ncac - - c a t - C .

?,gai:; 2:ydrcgc:a repr-esc-r .t s  a nyc  O l d  c -c e s ir ,  c--
co nc-c :-. cr a t i r a n  in ca o ta lu c a  is not  U - -n ’-;: , , A ’: -c- l - ,c-i t I

10 a tom pe r— ce :: t  was assa::.ed ~r, -d t he :  - - U- a - s  t I - a c  5 U - : -. 0

n u mb er  I:: F i gur e  10 c-s am p lot ~~c .—a sn 5 .  U--;lU- I:: i g :_ r . - L b .

F a gur e s  11 and 12 can be cc-co-are :: ~~~~ -otI’ ; t cc

r e s u l t s  in F I g c - o e - s  1 and 2 .  Cc-rr e :.pc c - : a L I  ::g cc- s  c-c- U- —

- - -U - h  a cow e- :-:cec:tiona - am - c In good op o-c~-o:e::t . 7 a-c :: -a. ’:
: :ctahie excs::- t ion is t h e  C y i e U - ;  -c am- to  Ca I . . a b c- s  a - .-

U -re - ic -  is oc s a t i s f a c t o r y  r- c-a  ::, f o r  Il - is d l s - s g r c - ---;:. - -. : . 1.

c- o SI S W d O  t oe d  b -am- c v- -- -

:,,e- n t  c,uco ía g: er Cs cur -re : : :  c -en :  a t . ~ - : .- s  - .- : - rrc n~~c’:c-e- - a n

Is p o s s I bl e  :1st tini a v a r i a t i o n  :..i . p l-:t coo-soot  I c r  sb -a C I : —

c re-p c-o op

P.c-U-c-t I ye In t - c- ; ’, : : i t i e - s  i:-, F i g -  cc 11 -c - : , d 12 a: : iv. :: .  arc
- 

_ g  - - -c o u n t s  per  .e-cc on c  per c~O e-: .p r - a a . c - : - ’.’ c -am , Cu,  r c : ,~ . - c c

te rc.,s “ a-e~~a c i v c a  i:-. t e - n c - i t i o s ” and ‘ c - : - l a t s : , s  U- e l - ab s ’ c- re

u se d  in::- : cbos : ,g e at - ly h o c - c - .  b c - .- : - avea r , tb - .. : -  is a

in t h e i r -  mo:e p r e c i s e  d e - f i n i : i c r .cc- . “T icU - t ’ cU -c - :  - s the

5 ’ie id  of a given sp e o s o :  s~ am t e a  Ir .g . - -: ::. t : . e -  o ats : U-

s or - f a c e  nor  u n i t  prime-c’; ion coc-ro ;c I:a p :a r . “U-,tc: :  :1 -

c c - r e- c-s t o  I .ce  - Sc-teC ’ tc : ’  st d ; ca s n t c : : o; 1 - ; . am cc : , -,’ - t a-to  am

to - i n t en s i t’ i  one must  cor-re c t  f o r -  coo  cc-lIe-a t 1-: ;; -. f :  s c : c : c c ’

nc -cs  sg - s c : a m - m c t c . r t r-c- :, : :, : i:sIc, :  e .f f i c i c ; ; s - ,- u :- .cl a - :t c ct i cn
c - f l  icie::cy .

Th e  -aU- os  of negatIve to ;SC S it i - : -a c - r e-c-n bc - :- ’, - : a:: i n - - : : ;: - i c:

v e r s u  c -t c o . : c  O r - t o - c r  c-re -  pl~- st a-a ; :.: . . p . o - .. U- .  U-- - .~~ -a ct ’. :
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‘l’AbLb I

Secondary  Iota  Y i eij s

Du e to 16 . 5-F e V  Cs~ and 13. 0 - F - c - V

0 i3 oc t b a rdn c n :

16.5-YeV C:~ 1 0. 5 -F e P  U-

Secondary  C o - c o t s / S e c on d  + ecca r , : ,c t r -,’ Co ,:: t ’ amam’ -r- : l
S tandard  Ion p e a -  i~~

—
~ am p e r e  Cs I On  p - s n  13 - r : : : c - r  U-

Be Be 3 . 4  x 1O~ Pc -  5.0 :-: 1 1 0

— 5 + 
-;

BeO 1.1 x 10 Bc-C 2 U-~ ;-:

— 5 + cc
B1- B 1.6 x 10 3 s . C  a: I0~

— 4 +PP 3 . 2  x 10 - 
P 23

— — 6C C g . 3  cc 10 C 1.1 :-;

C 2 4 . 5  x l0~
6 . 1  x l0~

6
ThO~ O 9 . 0  x 10 0 — . 7  :-:

— 3 4-

Th 5 . 3  x 10 l . a a;
— — _ 4  — - -  + -~~~~Th~ 2 . 8  x sO ~oO c c . o  :-:

— _~~4 - -

~
r .C 2 ~‘ . L  X L u  am :O, - - - U -~ cc ~~

Cal- C , 0 7 . 9  x io 6
+

Ca c - . 3  a; 10 Cc 1. :-:
— + a

Ce - C 1.2  x 10 n e-f 3 . 5  :-: U-)
- -~~ - - ‘c . 8 x u ,- , -- . ~ a: -.

— 5 +
P0 ~~ 2 x 10 ‘ cl )  3 . 0  :-: U-

— + cc
CaPO c a 3 . 1  a: 10 7, .: :-: 12 ’

— 
- 

+
P x 10 -U-

Cc- 7Y 3 U-  :-:

— I, + cc
Pg < 2 . 1  a: 10 b-~ ’ 5- . -- :-:

— 6 +2) 2 . 0  a: 10 l . ° :-.

x l0~
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N E D G- 1 2 0 4 5 - 2 21

1 (-lllo:,t. a .?)

_ _ _ _ _ _ _ _ _ _ _  

5

- -  
-

- 
- - - -  ,-

+ I - -
. - - . . , . - -

-Cs. - -
-

U - c o n e - c - : ’, 
- 

Cc - c -r , t s / - e c o : . C  .I- - o u n d c - : - . ’ - ‘, o a : c t  c - / _ c - a m : ,- . b
+ - - - - — —

S - U- 2

Al 0 1 2 2 . 1  x l0~ i-1~ 5. 3 a; IO U
2 3  

— 3 -

Al 3 . 7  :< 10 01.D - . cc :: 10

— +
Si— I  0 5 . 8  x 10 Sf . 1.1 cc U-

Si~ 1 .2  x 10 SiC 1.2 a: IC-

a 2 . O x~~~O a m .
S — 

— U + -cc
Si 6 . 9  x 10 3-10 5.6 :-:

-d + -a
Vi 3. ’- x 10 ’ I i  I .  :~;

- 
~~~~~+ - -

A

5-a . 5  ;-:

I c C  :-; 1

1.3 :-: 10 ”

1,1 AU - 3 . -I a; l0~ AU- 7 . 2

O 6 . 3  ;~: lO~ -‘.2 . 1 7 . ’
AI C 3 . 1  ;-: 10 ”

2 . 2  x I

AU - 1 . 2  ;-: 10 ’

- — - - - 6 - + - am-Si Si c .  s x U- Sc 5 . -cc c t  is
5 +Sj ~~~~~~~ x 10 310 L1 . 2  :-:
‘cc

Si 3 
o . 2  :-: IO~
- - .6  x 10’

‘ 3  

~~~

+

~~~~+c c 6 . 0  x 10 r e O  s . u  x

FeS 
— 

6 . 6  x 1O ’
~

FeS 2 8 . 8  x J G ’
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TABLL I ( C o o t .  ~a 3)

1 6 . 5 - N e - V  Cs~ 13. 5-F .2 ’.’ U-

Secondary  C o u nt c  /See-ar , cc Soco :.  cc - c--p C;.- ., n s s / U - c - c n d
Standard Ion per 10 ~ a:cape: c Cs + Ia:; c- - a - -  IC aa’roc ~~ C

— 6 4- cc

PbS S 7 . 2  x 10 Pb 5 . 3  :-:

S 1.8 x 10~2 2 -f
S 3 ~. 5  x 10 S l . a

‘iU- x io 2
3. 5 x I0~

PbS 2 5 . 5  x l0~

EgS U- 5 . 7  X 10~ S~ 5 . 3 > :  U-
H g cr c-) P g s. :  :- . 1 2 -

ii 0 7. 4 x U- a ,~~~..  :-:

VU -  s . 0  x TI~ :. - :-:
— a + cc

V U-  7 . 5  x 10 lU-C 1 .2  :-: U-
+

‘-1 ,~ ~~~. :-: c - a

— 6 +
V 1 .8  x U- H c~U-’ a. lU-’

5 . 5  a. l0~ 1. 7 :-; 1. )

“ U- 
1~~~3 X

Cr Cr 3.5 x 10 Ca 1. 7 :-:

4. .

Pb l-1:a ~ 6 . 9  ;-:
— 3 4-

?bn0 0 . 8 a; 10 b-In C - - . 0 c- : C
— 3 +

Fe Fe L Q ;-: 10 F e . ‘ :-: 11
- - 3 +

:eO . 3  ;-: 1. a:

— 3 + cc
Co Co 9 . 2 x l O  Co

CoO 4’ 5 . 0  x U - ’

— - a - - + a
am.. 2 . 1  x i~~ -.i a . 5  a. am

, . 7  a. 10
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N E D G- 12 045-22 1

IAB LE I ( c a r t  ) ) .  ~ )

+
15. 0 - — U - .  Cc; 13 .0— ,- - 7 -1

-—
~~~~~~~

—---

~~~~~~Sec-c :ader- y  Cc-an sc / c L -cc -n : 
+ 

Sc- - - -
- C . : a : , t r -  

- 
cc - 

—St c -r~dard Ion per  13 c-cc - s c - c -T n To:. am .- T - - -a ..

Cu Cu 1.5 x 10 ” (U-. 0 . 2  a.

am; U-i :- - -  .-.:. ~~. — : - . 1 .

CU- 2 . 7 ;-: 10 2 
lU-c

’ 7 :-:

— 

1. 7 :-: 10 ’~ -‘- - 5’ . -  :-: I I

l0~ 

-C’ 

~~~~ ~~~~

U- 1. - a ; 11~ Ce~ 2 . .  :-: iU-

U-U- 3 . 1  a: 13~ lo-)~ 2 . .  ;-, l b

:; -H c- ’~~
c- 

1

S-a 3 . 3  :c I D ’ 
H Sc- - 

:-; 10 . 1

Se 7 1 . 3  a. 10 -

3e 3 3 . 5  :c U- 5

U-- . r  3 . 3  ;-: _~~3 H 2 ’ : 5 . 1  ;-: U-  

— 4 -- +
Pb  .3. 1. a. 10 Pb:  - - a 

— - - - - — ~~~ 
‘ 

- - --- ‘ I
4 . .~~~ a. ~,,a H -

- - - ‘ — , 5 - -‘ - 

- — “ 
- - 5 - - + “ 

- -P 7 . 2  x U- : . .  a.

- 3 —
b-Ic -- -a . 3  :c 10 - - - a . .  c-c _ u

- + 5
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NEDG~~ 2O45-221 

- 

N EDG-1 204 5~~45

T A B L E  I (C o n : .  p . S )

+
.í6. 5 — N e ’-. Cs 1? . U - a - - V  C

Secondary  C o u ns o/ l ec o n d  + S c - c c - s a b e r --; C a - - c, ::.: s/ ~~~cc-: ,
S tandard  lao per l0~~~ ampere  Cs Ion per  1C - ’ a n t - a : C- 

— .

Mo 1.3 x 1O 3 Y-t~ 1.2 a.
+ cc,

b - I - c O 53 . 7 a; 16’

Ru Ru s . 0  x 1O~ Pu . 6
c-I -aC 3 . 2  :-; i-I

— 3 +
Rh Rh 5. 3 a. 10 5-2 ; 7 . 5 a. U-U-

— 3 + 3
‘“‘ 2 1.5 a. 10 RhO 4 U -  a. U-)

— + L
I d  2.0 a. 10 ’ i Pc: 9 . S a. I I

7 . 0  x 10’

— 3 +
Ag Ag 7 . 5  a. 10 I A~’ 5 •  :-;

+
A gO 2 . 4 a: U-

a-C c - c  Cci ,.  a a: U--

S-n 3n c - . 5  a. l0~ S:.~ U - i  a.

— +

Sb Sb 2 . 0  a: 10 Sb 3 . 3  a. 1 2’
4’

c- - ‘ •

U- ~~~ 1 . 2  x lo~ Te~ 1.6 a; 12~

ED ~-1I~ 1.5 -  :-;

7 . 7 a. 1-3~

— 2 + 2

U-c- Ta 5’. . 7  a: 10 Ta l U -  a: 1C
— a -I-

Tal l c - . t a. 10 7cC- 1 . 3  :-: 12
U- 5 ’ . ?  :-; ) 0~ TaO 4’ 2 . 6  a. 10 ’

TaH 2 7 . 0  x 2~. C :-: 10

— 4 I +W W 2 . 5  a. 11) 3-) 1 . 5 3 -  cc
+

2 .  a. U-
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NEDG -12 04 5-24 5 NEDG-1204 5-221

( f o r t .  n .  — )

+
c - S .  5 c -ne V Cc: . a .  : — - .‘~:

‘, C

Seccnccr7 -  Cu , , r ;a s / S e c a cc -r , -:; c - a .c - - c - c - C o c o t  -
/ c -c- : :,

_ _ _ _ _ _ _ _ _  
Ic U- 0~~ a a - U - _____  

-~~~~~~

— 2 +
Re Re 6 . 0  a. 10 3c~ U - O x  1 I ’

1’
- a 3 - .  c- -am

— - cc

Os Cs I 0 . 7  a; IL - I Cs 1.2
+ -

cl . :  a:

- 5 +

:-: U- . a a;

— cc

P t  P a  3 . 0  a: 10 Pc P . —. ;-:

— _ 5  -~~~~~~~ 
, - — -Au ~-, . S a. U- :-.. as

— 3 + -a
51 51 3 . 6  :c 10 2 . :  ;-: U-U-

0 2 3  52 ’

- 66 
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c-.c -’am o~ - sa .U -e -d b 7- c n c - t i u l I . f -, :5 -. - : c , ’ ,- - o- i t  U- 2:

~ccre V~~ olJ~~ :) lo t s .  i U - t u  :-:~1: . t s  - , ca - c  t ; , c -  2 U-c-a ,a~: 1. 0

am ~-~ -: ;e - ct e- U- -:c-am-n as  L u -  I cP. :. i ~~~~ U- -c- - a -b ;  c - I ;  - -

+
~.ne-c- : r Cc 1-ola loc -  iU-~~ . c : ; a  - c o .  c~~: - se - - c - I  p , : - I ,- : - - - :  : el 2

c-c h i c - ’-’cd , ‘/ 0 b-o:: ::-crr - a m a m c ;  So: - - _ c - : c e -  l v i : ; : 2 -

t h c- 1i:. -. . 1Jsing 2b /P~~~~c - ;  I a - c c  - ca-i a t - :  I - . - am:, cc ; ,  ~:rcc:

the  :a U-, -c- : ’,’ i-::n sc- .am se-~~t~cni-a :; ~~c - .  U- i n  F l : , : - - , 1— . : 1 >.

“0” i nu i cat e s  t c - t  cc >; ’ ger ; U a - h - - p r - a c - : - ’, ’ in : ,  nc- c nc~ - c-f

sh e- ic e  Icr  c -n c - l ’ / s i : 3  ( i : ,~~- -; a- se-os it ly e -  ab e- ’ ccc  icc:,) cf c - -c- :

c- 1cn’,~::,; . S i r a l l . cr 1 :‘ T I  - - 1~ ; a 1  c- -c- : - - e- Cs :2 s - I c  c: .ci C-: / 

c - c : - , “ C s / - I ” c -n -.. ‘ - - / C s ” :, . . ~~~ . - h a m  ; c c c ,  5 : a m  c - e t S
+

s,~~t i s t -. c - c t - . :- -! : a -  Cs I s  ~- r , ~L : c  ne - cS cv -2 c  5: a :
+

is : r e f e a m e l  a - e r  Cs . C - x - i g c - o  1: :o- ~. I c - ; ;  se- ; . -a c :

-ano ice  i a m -  e- a l a - S r S  U- c i  cot:;  am: -~ : - r e - a m .  A , :,c’ , : ‘ cc ,

- - .,c-~I’- a - J O  Cs ~ s _ .C O :  C. ~- a -  -‘I i : - . c c t , c- n t s .  :‘,‘- ; .

am t h e  c - U - a  ar e -  oat  c- ’~’a c - : c - :~~. ( : . o - - a c - ic  s’: : n a c t c ::) : 1 -

so:- icc , . - . ab - a v e  are c- p pc -  ~ c - : .~ . R e - c a -  g e - n  -: a cue- cc -
-

ci SS i . c-e-It -to c- c, U- ~- c e ;  t o o l  r io:.) : ct i -a;  c f - I f  ci a c : c i c  : c- :  - - a -c-
- t —‘~~~ J c cs  S U- : c~ am’- ‘ a C,,

a . a: -a p r ec a s t  Cc::  i ce-i t  coo l ly;  i c e - I L  p a a -bIe r . ;: cu e to -a.~ca- ::

,.av :.~~~ c-~~~e-O a a m i c i eo c e S .  u s o n c -  c~; r a m - .:o cc~ c - n  :,t  3

j c n u a a e  0 ;, - . : C.. con may  ar~.- -. e  - o  ama -a s c s a c J t c v c  ::,:;::c- c::

t o r -  t o e -  anec -~ -:is cc n i t r o g e n .
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NEDG- 1 2 0 4 5 - 2 2 1

V I I .  Cone -  3-am i - c - c ,

An c :ce-~s r~ :R S a ce-si, ~1: p v c :  i t  ± -. - ,- : ~ ~, ~~~~~~ - 1. - - - -
~~ - ‘  :- V... - 

- - - - -

Lou sec ond -c - : - -; i . o  - ama s spc t:  c - . : U - : p  - :4e - U- -a .:u c e  
~
, .

ion - :Lc~-o c : - -b . - e :2 c c :  Anc -c p:-. c .  I c ;  ce;- .. a - , .  U- 

bean.  Cia: :cc-:cr -c -nd ca -r i -c - -n :  l a y  c e - c  CU-U- : .,  U - : .  am~~: cc is
- + -ce-c ,o ac - c - n _ c -  ~o ~c e - c n i - :  c ,c- U-oa, r e - t a - c, . - S a m  c a m : : ,  • . : -  c c - n

s ou : - -: u- c-s ~ c-s~~g - ,ed La : ’  - :  c a n :  c e - c t :  - :;o .. c:n- .~ : ;a. . . : - - ‘- :cc - .

c- - - ’ - - r , px-ecam : ,,:- - :  a - c- -u s anco~~ , : -a : - c d , - a L a: lo c -  U-a

Scan. a c’ -~ -.a-a-:.. I. e--a?. - a - a m - i :,: - s t I n g  -~~~~

Cc- i  c - c - i n  nc- - P T -  ct-s i a ‘ - c - c - n . .  .0 ,  a on r:. ,..  b c- - f - :  c -c : - . - ‘c i  c c  : -c-

a t t~c :r :c-a a - a m n  cc-sam. :: a - - - : .  s .:am- . a. -, e-c-~, a :  a-r:’amr: lU-a

suns  s: n i i c : - c - : . : 1 ’ ;  am’c cx - e - - c - . s a~. ; e - c am - -n  T c : . s a m -~- ;c t : c :  :c :

cart e-::. e1- :nc- : . ts .  ‘am e -  e -  :: - , ; .U -  l I e - c U - - : -  5 , -T , Cr - ~~ V

i e . g . ,  A c ) , I- c c - a m ’- ‘U- ( . g . ,  C c - n d 5 ) .  C a - a m : -- ‘U-

end came- :. - . , I c -  n e t - I~ . ( c - . g . ,  ,- . .  a, : P U - .  1 2 , . ’ C:~ U- a - c e - c :-

p o e - c l  ,es rca.cr-Ic:l :c-ca~ f-am in ’.” e-U-U-’c- ’ i : . - - :,  b - - c-:  

- s-am -am s ca : ’r a s : c : , .  P- .- t c - -c a - - ) on . . - : ,  ) : : ‘~‘U - i e : - -:cr : 5 - .: ’:
t a o  e l - a c cen t s  - c r c -  ; : ; - c b c L - I L y  In-am - - s a c - c - C  c ams - . . am : ‘a- I C C  f a I n

~~ t a-er secoram. ca -~,-’ cc- : ;  : amas  :rc-- : - c - cn -  ‘ - , t a - c a - c a m : .

C n c-  am’,’cnc-: d I .:-:. source  sy st - c - ’:. ::.c: : - a c r , U - ’,~ 2-am --n  cc- t ’ .- : n c a i  n o

a U - -on , 5 ’o ,,p , - ’: ce-se-crc ::. :.c-: c-c r’ ’, t c ’- i o s .  F - a m - l a c - cc.ent
+

n e-’~’-: 2 -a-a: :  o a m a - c - s n - c - C  c -nc  Cc: amurce  a. : c - a c - c ; a- -am asamc.; r- - : .

1 j o - a -  sc- -s c a n  h a - c -~ bee:, con ac cam , c t e - -  c -se-  p .-a’: ;-U-I U-: e s t - .:d

:;e- ’hc- s. Cue to -:u;a,ract ; a m , c - n c s a  - : : : : . cc .. -a - :e c ,aam . c- r

c- i S 0 0 0 t S a- c - 0  a - o r ,-: arc t ;:ese a::; so~~r c ea .  - .. rr e n t  p + - c ; .s U-
V ) .C are to- c,;- :-u; -.t t h e -  .a- c- c-a-: s c a m ’ s - . - :U-c -  U - ; - ’ 10.. :‘:- , cc bcc  u -

p c - r U - c c :  c a r - n c r - p  ‘c ’ s:: U- :U-- -~ ‘cr  U- ’ : c) .  / - i t - ,’: c ’ .

- a c .- am np~1e a - c  , a:; :- - c- U-c- ,y :c~’, c c - c - : : - c am I a - c c - a - :  cc - - 
- :: -

-

on e  Cs + c - a - n  s-a -urce at -c c cn t c r c - : - a m c t c d.  c -o v c rn : t e n t  - , : - . .- -~~~~~ a m - o s
ORb S and  S c O O : a )  ar c  u ot i c i~~a t i r a m  c :;e c-:ccU-i c,U- - :. of ‘a- -a-

Cs io n  : - c ur c c  to some ca -  t h e - i .  t i c u  ac ’ ;- :  c-SI-;:.: .
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1. C . A. Anc .L-rs~c: rc , ‘‘Ae-c-c1 ’/’ U- C~c .L 11- a-- h -  - i cc-c ‘ C c -  Ion  1- i : ~
7U-i :;s A n c - l y c - c e - :  , Pu r :  I T ” , L~th  La;:fane - C c) : . : - : - r - -:: c: c-
7b icrop robe-  S o ci e-t y  of A:c. - . -: ’ icc- , a - -a - i c - c  : ; . a - f l U- , U-’ , - l U- -I .

2 .  C. A. A: ;C-cr :e;i , lot .  C .  1-U -a -c.: S U - - : c c’a -z .:c- : :- ;  

3 ( 1 9 7 0 ) ‘ U - U - ’ 2 5

3. h e I m ut  L i e - L U - , “I c e -S 11.1c r - u ; . c a- b e !-1 , a : a - c Ar -.o 2 - - ,’:.:es , ” J.  a :
.-~~ :-aieC P5 ;ysics , V - a l .  3 a - (  19 0 - 7 )  5 2 7 7 — 5 2 8 3 .

-, . L b  :2.. S t e - t a -n  , C . U- SIc -- i :  , .od R . P. II. - a: ; , P - a c Cc-c; :. :- . - -
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c - s  / 1 ” ;on  Se a - c - c e  U - I C ; C l i  a - 1 - ‘- a - V , ; 1 -a - - I s a -  a - . , c a - r a - c t a - -r ;T’~’1
( I c - c -’ f c r c - : r~~e . ; , r c - c- - I , ~r~c- i- \ - r a- , L - l a m - r  L a -  -~ c - Y - r : -, a -  l a - - i T  t -

‘

1 - i c - .  D i  I a - t a - r ,  Li i.ic - ’s , .-cl’S r / h C-- r ’ . I I d c -’ C c - : ;S  a - c - -  c U - n i ;  i s .’ a - h e d C
- so a- -a - ce  on a- I .e I a - ,  1-i I e ca -~ - I - - l - l . r  c - c  .\~a -j  I a c  r C I ‘-‘1’ A ) ; - a-

do  ::, -a- l c- c r a t  cC I ; !  1 51 i - - 5  c - l . a -  --  -. - - -  a- t i c - -  .\ ‘-U- a - - i t -  I C ~ C sa l  t I i c . .
. 5 - I C / - c - IS  i n t e r  1 , l C 1 i ~~- . iS  I O c - . i r C  C c - r r ; c - - S  o ld  c - l a - i a - ’, c c -’ c lc am

,~ i i ’ ,i h I c - - , 5 0 - 1 111 I ) i’ c- ’ \ c -  ‘ I .  a - c - - i c - a -ru E l e c t r i c  I a - rn e .c - e C : i t i i ; g a- ia-S
i : : C c - c t r ; r : t  a sp e c t s  c C  a - i a -- - 51:3 c a - r , t c r u c - t  .

i n  t c- a- I:r a - i  in : ; i , c -  t c- - s t  I h g  t h e  -i I S/ a- I ’ - -; i r 1 110:  Cc i ’a - ’c - a - a - c ’  ra -  a-- Ca - i
c i !  c - p o s e .  I c e  I 

- 
s - - u r s a - - i s  a - a - a -  c p t : i - a - h l e  rn - ic- car  n - i s ~: t u t  a - a - c  - l a - c

c pc -- r n t c --d s o t ’  I s I n c t o r ’ i in  i t -  i a - a - I . n ra -’ I 
- 

a - n c - 1  (Is [O i  s o u rc e s  :- :‘ a-
ii - - t Cca-~~ r i t 1 5 1 a- i n a- l i e  c - -a Uca -  a - r i  c 11tO . i  C I a - a -~~~cr .  ~- ‘r~ I t -0 i a - l  t i c  Cs ~
:- (n i l’Cc- i s  p c c v i  n g  t - O I c -  1 ~~r Ol :i a-am a -a -  i d! ;  500 r ’ ’a- Icr  s e c o n d . ,  : y  I - : .

-‘ i S a -  s p e ct : c - .-- ; c - t a m  ~S~~ I S)  ri p 1  i c a t i o r . s , t h i s  i , c n  s o ; l r c c -  15  .01
C O f l ) d i  a - 1 - I ~ i - ; i t c  c i l I a -  c - a - q - o l i l i t  i a - - s ( S i c  Sc-d~~a - .’i , i - - a -  1 - i .  i- en r ol c-

s~~~ c 1 u h :  \~)c- i l f t  c- t ’- a - n  I d a -  ~ c - c - d  t 
~~~~~j~

a - a -  a - c t c__ hc -~~ —( c ’ — t  i on , \ - Ic  I 
‘ I) S 

~ 1 , \I i a- 1 0 , 1 ~ , p a 4 is , I c - i I
C- a - .  a - I  - - . . i ; e l e r I S , 15c C : \l- Cc a - l e a - a -- s l ur  s v s t c --a- i s  c r~ ab l e -  o r ’
a-r e t e c t i f l h  p o d .  l i v e  i O a - S  o n l y , a - C c -- CU- Ia - a -  s --- nrCe ~s s:a cc ilic: ,l1’ :
C i a - )  l ov e d  to ~~a-~~~c a - I’ I C .  I i  va - s i c o n c ;  \- ; a - a - s  . ‘l ie i a -  rCa - c- c
a - a -  i t i r i ’ :~ oF  t a - c d  - I F S  i c r c -  sou i ’ c c -- s  i s  C a - I I a - 1 , t I -  a - a - e r a - I  a - n  t b - c  a - SC .

a - e r  1 • a- do a - a - g o  a- a a- ha-- 11 ‘I- ic1 Ii a- a- I c - S  I l l  t cc - I  I i ’ -a ic c-’ .c- p a - ’ V r i c a -  t a- a- a- a-
a - I c c- - i - 

: ;O i a -a - c -’ . l ) u I i l lg  t e s t J l i g  S t i D s t : i i i t i c i c c a - r c a - a -  I a - l e a -  a - f
l i p _ c a C C I a - .- c - - c- :r ~i r :  1 C C  i c - a l l  s ou i ’ c c - - a - n d  i c - - j os i I c - C  i s a - a - c - c  a - l i e

: 5  fill’ , a - u  ; u J : j l ) e ‘ II . 1 2 5 0  a- . Ca -r i - o s  i a - l i  p r o s e  s SC- 5 c- -n  c - i n  i a - I c -’ C a - a - n v
- ‘I  a - C c - -  c i a - , !1 . c : c - ’ i ! t s .  c- h i d e r  S l c - l ’ , , C l ’s - c - c a - -  p a r t  i c ~ : r ! r i v  Cc v i  l y
Ca-  V ( 1 j ~~~ I i\ a - i .  a- a - a - r e  a- r c - ’S I I :  b y I ra-’ a- as ~~

— 
I c op p c  i’ I od I Cc i c -  c-

i i i . . S a - r i  1 1 1  1 a-’ s~ 5 1 e el  :; 111’ S ic -  i ’S l~ e V c ’ t U c :rc  ~h i a- a- ~ 1 Oc - i  i c-Ic’ a-
c- ’ x 1 Cc - c- I 1 c- , 15 r r r .  C ,\ i - i  t i _ c - - IC:; na -  r c a -  i o n s  a I a- a- i - c- a - s  . 5. i c-c’ s

- - 1 c- C c :  ; a- - I c  - -  . I - ,.t i - I a- Nc’ c r r  i : r c - ’ a- t a - I l  I i i .  L - a- I Ce - - -  a- a- i i ’  5 - ir a - C a - -
am t . , ~~ l i .;rn , & ; c - 1  i c - I :,, i- - O l e  d i s p o r S a --J  t ; i - i - I c g ; o l r t I 

a - I  ; . 1 - Ills .-, c - a- - ’ C u .  I Ia -I  1. 1  a- Ii Y c -  1 1 c-~c l c  - g a - c -- a- - l i  dc-’ja-US ; a- ii Ca- i l I c -  a-c
E v e n  I~ ) i a - i  i i  c- c-a-i d s ur  I ri - : c- - : a - t a - s b .  r ’~c l a - r i - c e s 1 c - : ; t  t a - c - ce i-/Cs -.5
1 1 5 : :  Cs S a- g : 1 ;  C i c - - la-i i 1’ i I . g  dr u: ::a r;C- ii . - I t  1 c as t  c i n o  t i r e -  r a - I l  r c a -  a - c o b s

l a - C  S C V C  i’~~ 1 a- , o r i ,-~. i a - l s  o f  do 1 1r ~i- :; i n  pa r ’t  5 t a m I l  C a -’ r ’am~t r t i e d  S c -- :~~a-a --
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ic - a-’ C a - I l  a - c - ,- a- t : C c- 1 1-7-1 , -i a-i 1’ OP C r n  I i c - a - r n  1 5 1 ; l  a - l i  I I i Y . a - i c -’ a - b  - I ~-
‘ a-

i d u t  p a - a - a - c -’ C U I I t  a - a - c t  i a - r d : a - i c - ’  r i . c c - ’c l U r i t c  t o  C c - a - a - e l ’  a - c i a - -  S c -  c - c - -~: . :  C:-

l O c l i i i c -’ c-i a - I C S  s I : c - - i .  p l e l a-  S c - - a - s  a- s u l i s a - i t u t e -  C u r  OX V .a - C - : i  I l l  n c - a - c -  r n n  i 1 ~~~a-
p05 it i V a - ’ SC C O l l i l di 1 ’- ’ i a - u s  . I i c -~;, -, V e  c , a- Cc-i A [S I on 5 ,11 c - cc - n i : ;  c- l a - a -  : 
i i i d  c a - l i s t  I c-~ c t c -’ a-i , I i~ I i S e c - 1  U I ,  a - I c c -  ASS , a- i l l  C a - U S c -’ a - c - a -  a - a - S i  ~~a- C a - i r a- , - ’
t o  t i i c  AilS a - - a - c a r l a -  5 ) 5  a - c r C .

Tn  .1 i i : 1 a - -  I r’ a-- i~uc - s a - Ta -- a - I a- ’ i ru  I c -’ 1 c-p I c a - n e  t i ;  S nj  car Os i t  i a - c  c i a- a- a
a - c u te  ia-u I I l l  cc t ci  c hi ’ c - c l  c- ,usca- I c - ca i r n  t i c  V a - S  p a - I ,  a- Ha -  1 i i  y a I - c-a m a -  i n  -
t i i ~ 1 s o u i - c c - -  or  a - r a t  t e S t i f l r ’  he  done  i r r 1 , o a - i 1 a - t  a-’i; ( I a - a - c - -  - C  c-
n a - d  C d i  l’i) ’  J r1  1 a)  . Sr I - c - - a - S o b ;  f o r  t I l e  r c a - a - a - s t  ‘ - r i  s ( I  ) a- c: a- -

- o C
a - e s t i r , 1- t h e  i~ S c - C a - I C C  a - ’ i i i c h  I I U I ; i i c S  I a - i a -  r e h i O r t e a - !  n- .n1 S r o t  i _ c _ i
i c l r b a - i a - g  r i p  to e.-’ ; a c -’C t a - t i f l i S  a - n a - i  ( 1 )  i f  t e S t  I a - 1 ;  I C a - S  i c - c - a - i l  c a - - C , ‘ - a -
c i - u L l  c - - a - p l a -- a - c  011 1’ c- ’ a - ; i i i i O t i c - i ,  at  r h O  a - c u r l y  c i a - t a - ’ . ‘- ‘ r j  c- fl~~— :‘a- - , I . c -~~.
a- h a t  ( 1 )  t e s t i n g  i-.-~~s r c- qu i  ra -- d b y a - C c - a - -  ,- \SC c o :;a- ca - c d t n i - c c  - c-

s o u l d  b a - g c i  tc - a-~ t i l l ;  L f l r U , C d j a - j t C l y .  i C c :  c C f e c i s  o F  a - c -  t a - s t  cam ‘ a-C
seen  a - a - d c - . ; l c g t O  t i n e  l U - I A . I a - c - c pa -’ I c - C  C i a - N -  ami a - i a -- a- n c  ~ c- - I
a- i t l r  t i e  ASS . T l r c - .- r ’a-- f o re , I a - a - c i r g i r r g th r~t t i i c -- d c - ; S  sy s ;  crc  a- ia -
a - a - e l ,  - c - -  b r o I l .  a - a - i a -t o  c o n a - t a c t  a-c- i t S  t h e  Ala - a--i .

I in  l . a - - u :  a - a - i c~. a - I - o u t  t a - i a - -  d a n r u g a --r .  to a - i a -’ 155 ’ . i i r ~ t I . c -  c a - a - c
I a - na - 5 a - . i  IiJc- a- a- t a - a t  a - c - c  can  ra - - s a - - c c  this a-iei i sa - i a- a- I c-am ca -r e n a -  t o
i a - s i a - u  5 r i i o p a - - r r i t i c . n i n  1 a - t a - t o .  C e n t  ia - ra -a--. rc  m r s  b e c u  c c - - i n g  :d 10 - a - ,
j o l  o F  c I a - a - a - a - l n g ,  i’a-’p a - i r i n g  a n d  r e b u i l d i n g .

a l i r c a - r’c-- .y,

-/

.~~ 

~~~~~~~ ~~~~~~~~~~ - -

, _ a - r _ _ _ i i - i, ,- . Sta - a -C-S
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h E A Q Q ~~A R T E R 5 A C~ E A S T E R N  T E S T  R A N G E  i A F ~~C
P A T R I C K  AIR FORC E BASE , FLORIDA 32925 - 

~~~~~~~~~~~~~~~~~ ~~

R EP L ~~~~ TO l’IlkC 
19 Au 9 1976

SUBJEC T: Con a - rac t  F33 GFi7—7L 

~~O a- lcrie r j l E l e c t r i c  Cc .
-; , ; l l e c i t o s l A i c l e a r  C en t e r
‘-,all e citos Road
ilsa -santon , CA 9- ISa -h

1. Reference VNCletter dated 11 Aug 76 r e q u e s t i n g  rel ief f ro - - r
I - -i: AI S L u - l i n e  Su c ’r c - i c ‘ - - i t o  the 1 - 1 - 15 .  f r I - t i -C r iSO of t a - i s  source is
r i o t  I r - a s i b l e  a t  t h n s  t i ; r ; C ~ a - i a - I  y O U I ’  rr _-q u e st  i s  app ro ’ic a-I .

C .  T h i s  C - t a - e r  dor : s not  i- - I  i eve  Genera l  E 1ec t r ~ c Fr o ; ::  ai ;~- o t l c-r
c a - n  ti ’pctua-l condi  t i or is or co cp l I ara -ces ~ u tn  the  St a t e r - r e n t  of -b r a - .

_~
_ _ _ ‘ e (  /~~~~~~~~~ 

t •  
- -  -Ca- ES i . c - a - a -, C o i . t r a c t i n c ~ O f l a - c e r  cy to: I a E T a - a - / L C A

SAC Contracts  D i v i a - i n r  ( c T T C :  ‘ a- S e a - st cr )
1i i r ec to r a t c  of Pr ucu r c -,- . e r it

-;
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N U C L E A R  E N E R G Y
GE ~J E R A L  ~~~~~~~~~~~~ ~ L E C T R  I C  P R O G R A M S  D I V I S I O N

G E N E R A L  E L E C T R I C  C - r - 1 C , c - N Y  V A L L E C I T O S  b U C L E A P  CE’~T E R .
P L E A S A NT O N , C A L I F O R N I A  9 4 , u b  P H O r - .E -11 5  i c - 6 2 - 2 r 11

T W A  9 1 0 - a - 4 8 . b - r 8 1

Septe m ber 7 , 1970

a - lnijor ,hurt ,~n Web s te r
1 OCr  a - n i
l u t r i c k  ,\I - ’Ii , H. C a - a - u

c i e , u r  a - a - a -a - or W ebster

i a- v a l u a t i o n  of a - n c  11 11011 p o r t  iou of L i  i t ’  A c- Iv c -ii c c - - a - a- on a - c - a - i r a --c a-~’ c- i)  .u a- -

a - i c c - p 1 e ted . Our r e s u u l  is have not e~- u - n ea r l y a-s c - - i c c - n - i l r gi ii a - a:~c ia-ce a- V b ~~ - - ia-

. i : ~ Cs± 
r :U t k  c- : -cpe r i a - -nce . i c  have , c - i c U  c -u nable  to ac t l i evc -  r,c:: jnna- I br a - : - :

c - n u i r r e i i t s  or ‘acce le rat ing  p O te l i L l al s .  il l  a c - l u l  t io n , an i ocr  inc  va - or leaa-

,i :- r ’ c urt-uuLi c- a - c - : V E c J  i a - t i c  u I c j ~~I i ciuc - ia -e c l eXti,id:~~L\’e a-~~l iini a - :€’ CO L i t ’  ion ; : 1 a - n r a - l - r o .~~
a - i r i— ; s ‘c - u u c i tvr , :er (i’s:. ; ) v i - o - i c i i a -  sy s tem . ‘i’d i e  c - I i s ap p o i r l ti n a- r i - s t i l t s  citc- .l

c.- la - ,ia -nivsa - ic ou Lca - :  cc - c - I  t i e  eva luat ion  are not , £ b e l i e v e , in t r ir s  i -ri to

I tOll  s ou r c e s .

IC l u aj o r  pr c~- l t ’ d c- ‘ - - L a - C  c - a - c  i c -a -u n p ro l - ,ub. l v all  r a - ’ a - c - u l t  fr o r :  t i  m i r e d  n , :- . a- a-

- a - i  i l _ i a -  a- - vapo r to t h U  1,ai5~ i o n i z e r .  t o d u u c  vapor ’ c - f  a - i a -c t  a- fr c - c - -
-

I ’ c c ~c-r’~’ c-- i F a- rc a -a -t i a t a - i a -’ 1t1ac - Ct iC t i u l - a -  to It  ~la-s-s  tube C a - i i i I n , , c L Cc-i to t c .

t r ou t  of a - c  ac.cc lca - ic -~ i f l c - :  c l c C L r o a - i tc- . t a - i c -  v c u u c i i - ,Li s c - i C ! i  Ld rC -c i : ’ n i  a- o il a-a - .

L I  c i’ C a - O l d  U r ohe  i l i a - i  j : c j c  h a - a - u  c - io t a - ,  the  i t o L  LaIi( ia-ui a-cr . I a - c - n ;  c I e a k i r  -c  a-c ’

the V i C l i U d  i c - 1  a-c ci -a -, r ii ; qtu i  Lc - p robab l e  a - i c  such  ci s c - - a - i c ”  - - a- cis c c - i f  ta-

- c -  c a - i  j ar a- c a - i  cnu l and p hy s i ca l  propert~ ca-, ted I I I , i  C ami a - r  í a - -  a - a - c - i a - c -  — ic - a - a-

ra a - c  er uras ti_ c c o n s e c u u t e u n c -  C: . Al t i o u u c - . i  I Oc-i speculat 1 I i ’. ’ Crc- , L :c a- r c a - c -  ~cccc-

vi  iod ia -c  vapor l l i  t h e -i: -ci iri e c a-w e e n  a - i a -  ionizer  and ac c eI e r ~i t i  n: e i cct r o a -u c-’

i - u - - i c u v i -  a- t a - ti  r a - s p u~u s i n ’i e  r CF L I i c -  a-ic-l i V 0 l t d~’ c- I .r c --; l ,c - c- c - : I l s  e n , c - n o i i f l L c -  r c - c - ,

r c a - c u  ] I L i , ’ il l  pc-Icr i i i  a- li  v, 11 a re p e r f o rm an c e  and i c - a - -’ I C c I r  ta - l i l a -  a- .

~ ; c u p a - - r i . r  Lv~ - c- : c - _ i  1 - c - a - i , s i m i l a r  t m  L i i ~ (Is  i - m c i : , c-ian c o n s i i : cr c - l a - a -  a - n a - a -’

I c - a -c- - , c i a -  I mmuic - , e r a -L ,uI ,r 2_ l i . ’ d l  1 - c - I t _ t o l l  1:1 r e t _ r i :, c - a - .  ‘i c c  :c~ c - c - a - ,  ~ i :  c a - i

Ii i c - i l l  a - u : c r c c -  \c-’O l l i i ,~ id i Tu l i r d i ’  , c - I c - c p a - ta - a - on tIe ca-p a-hi I a- c - v  c - a -  I , i - r i c . , ’c- a - a - i - ’

:‘a-rouS hail i ( ’ t i l a - t  r a - i c - i  cc --al i t m ~ ’ t a - i s  to a a- a - i l  fee t _ u - c - . ‘c - a -  - ,  c - c - c -  - i r a -- a - .

~ c - d  a -nC c-’c u ; ’ u ’ r  c- - c- m a - i m !  c a - v t ’  Iii) C!i ,lli C C U I  e c i C , l ~l l I i ~’ L a -  L a -  v , l C m u u :  ( i i  ‘ CI
c~. .- ; m I  by clI - _. - c t n s ’  t h c a - o m a - a - h  L I ( - por ou: ;  l i n  p i mi ’ . ( i a - c - ’  ‘ I L  1 - I c - ’  , - l  I C lii 
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a- G E N E R A L  
~3 ELECTR I C

n , i~ or a - t i  r i  i i  I c - - i  - i t _ e r  — a- — - c - - ; L a - :  i - e r  I , I i c -  a-

~~ sc-l c-’b ac -n c j O i l i a - c - i i j c - i t l  a - ; l c - - m l l c - i  c- -‘ ‘ c -ba - ,  c - na - a - - a - o L e . a- ba --I t ’ ’ : ’ ~a - a -  a - cia - ’’ - - u  a-, a-~ c - :

woul  I i c - c - i ,  c o r r a - c :, i on  pl ’ c J h l e t mI: , ri,: cc a- i a- in c a - a - o r  c a - i a - h  vc-,1 1 : - c - -  a - - c - r n  or  l , l ,n c-

a-nc -I y i clc - l  tu b a - her  I c u r r e n t s .

Al t a - c om i g im ta -c I ion source c - t i c - I  not evaluate c-ce ] I, I n i c a -  : ;p a r .a -e  c-- i c : c - c - a - c c r’,- ion

C ;‘~ r’ld r t r i c c m c l t ’ :  c-to indicaic t h at  iodine  is p O t a -  n a - t ia l ly ci -ca - c- i ox-- a - c - cc - a - i a - c  c - i t  LLutc -a-c-
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G E N E R A L  ~~~~~~
. E L E C T R I C

ttajor Burton Webster -3— September 7, 1976

Al though the I gun portion of the AIS ion source has proved to be thcompatible

with our application, I~ continues to exhibi t promise as a bombarding ion

for SIMS.

Sincerely,

~I
Howard A. Storms

cc: F. 0. }Lalliday/J . U. Stein

I)r. Carl Dulgeroff , Hughes Research Laboratories

HAS: mea
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APPENDIX C
ASM GE DRAWINGS
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APPENDIX D
STAGE AND SAMPLE LOCK DETAILS

I. INTRODUCTION AND SPECIFICATIONS

The AMS needs a sample positioning system which can be used to hold a variety of
samples and standard reference materials at the focus of the primary ion beam.

• This stage mechanism must be stable from vibration , f ree of drif t , and allow the
sample to be moved up to 3 cm laterall y. Motion normal to the stage surface need
not have ultra high resolution , but must be sufficient to allow for focusing. Although
the objective lens of the AIM allows a range of focal lengths , the optimum pickup
region of the secondary extractor electrode is quite small , and it is sensiti ve to elect ro-
static fields at the sample surface. Vacuums of the order of the low io_8 

torr region
should be obtained while the stage moves with approximately 1 p .m resolution and <1 p. m
resetability. The sample must be able to hold off a bias of ± 15 kV , and motion must
be under either computer or operator (console) control.

II. DESIGN AND CONSTRUCTION

Figure Dl is a portion of an engineering drawing of the completed stage. In order
to have reasonable stability, it is necessary to limit the length of the bellows and
the cantilevered part of the stage. At the same time , it is necessary to have sufficient
travel to clear the operating mechanism of a gate valve, or sample vacuum lock ,
without disturbing the vacuum in the column.

The valve was custom built for minimum thickness , and uses v~t0~TM seals where
necessary. The majority of seals throughout the AMS are either indium , or OFHC
copper. The lock actuator is pneumatic with a mechanical safety latch to keep it
open , and the pneumatic sample lock vent valve is opened by a key-operated control
at the console.

The stage is an Aerotech AT5302-M stage with ASM 1000- I low speed motors and
an access h~1e machined throug h the center to allow a flexible cable to supply bias
voltage to the sample. The motors and gearin g pro vide 10~~ inch (0.254 p. m) per
step resolution and may be stepped at up to 400 pulses per second. With an eight-
phase driving system , the stage moves at 400 steps per revolution , but it may be readily

92 

~~~~~~~~~~~-~~~~~~~~ - - - -~~~~ - - •—~~~~~-~~~~~~~~ - - • -



• - -- - - ~~~~—~~~-• • - -~--- 

NEDG-12045-245
. 2- o

~~ 
__ ) r~~~~T~~~~1~

~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~
• 

c~.
• 

•

‘ ,\ \
‘\~ 

~
-..L

= \ ~~~~~~~~~ 
‘

\ ~~~ 
“ I

i 1< -’ •
~~

- 
~~~ -u ~— \  -\ 

____o —i 
:

‘

~~~~~~~~~
-
~~~~~~~~~~~~

-
~ 

- ‘  - -

U 
_ _  

__

- _

~~~~~~~~~~~~ 
~~~~~

= ~~~~~~~~~~~ 
~

E ’
H

/ /

• 
,~ • ~~~~~~~~~~~~~~~~~ 

•

& —

~~ ; ‘j-~~
•

4~~) • 0
0 

~

F
Fi gure Dl

Samp ’e Stage - - -

93 

---—~~~~~~~~~~~~ -- _ _ _ _ _ _



- • - - - -• - -— - —~ ----- —--- — •- --~ 

• MEDG-12045-245

changed to four-phase , 200 steps per revolution . There are l imit  switches at each
end of the allowed travel , no dead spaces, and virtually zero backlash.

The control electronics (ASM I OO-l) feature numeric readout for all three axes from
minus two inches to plus two inche~ in units of 10 p. inches. The options for computer
selection of on/off , direction , and BCD readout of position were included.

To prevent contamination , motors and bearings are excluded from the sample vacuum
region. This solution yields considerable simplification , however several hundred
pounds of air pressure on the bearings, bellows, and mounting assembly is a rather
severe test for what amounts to a relatively fragile mechanism. A plastic box was
therefore fitted around the stage and partially evacuated by a rotary roughing pump.
There is no problem in reaching pressures of 300 mtorr , although it is probably wise
to avoid air pressures for which the 15 kV terminals can easily break down. Figure D2
is a view of the operating system.

p
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APPENDIX E
PRIMARY ION BEAM SWEEP CONTROL DETAILS

I. INTRODUCTION AND SPECIFICATIONS

For optimum operation of the AMS , the pr i m ary ion beam passes between electrodes
which may be energized to deflect the beam in the X and/or Y directions over the
sample surface. The instrument is so designed that the beam may be deflected up
to 0.2 mm at the sample either by the computer or by the operator at the console.
In addition to beam positioning, it is extremel y useful to be able to raster the beam
in some sor t of a predeter mined pattern and drive a display oscilloscope simultaneousl y
with an identical pattern. The scope may then have the bri ght ness input driven by
a signal which has a spatial relationshi p to the sample, and this results in a display

of the sample similar to a photograph. Inputs may be sample current , secondary electron
current , secondary ion current , or count rate from a detector (isotopic ion intensity) .

The entire AIM is very similar to the primary ion system of the IMMA. A major difference
is that the IMMA ions are in a grounded environment , whereas the AIM components
are in a housing that floats at plus or minus 15 kV. This means that both the primary
ion current monitor and the deflection electronics must operate near this potential.

II. DESIGN AND CONSTRUCTION

The deflection system is designed with two pairs of plates for each axis , and it is

positioned immediatel y before the objective lens and following the beam monitor.
If a simpler single deflection system were to be used , all deflected ions would pass

through the objectiv e lens off axis , whi ch promotes aberrations in the focal spot.
The dual system deflects the ions throug h a pair of larger angles (of opposite signs),
with the resul t that all ions are di rected through the nomi nal center of the objective

lens. This minimizes aberrations. The plates are of aluminum and are heavily anodized
to insulate them from the mounting frame. Surfaces exposed to the ion beam are
gold plated , and each plate is equipped with a small , sealed spark gap connected to

the frame. The spark gaps are set to fire at 150 V and will hopefully protect the
oxide coating from voltage transients.
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The sweep control block diagram is shown in Figure El .  Power supply output is 100 V
maximum and the input driving voltage (producing a gain or magnification) is adjusted

f rom the console. The dashed line represents the 15 kV isolation , and the X and Y
lsolato rs each cou ple 13 bits of di gital control information across this gap.

The inset shows how each of the bits ( 12 signal for the DAC; I strobe) is transferred.
An SSL-55B infrared emitting LED (at —5 V) sends its light throug h a piece of glass
tubing to an infrared—sensitive photodiode MT—2 (at the column voltage Va). The
tubing is included to improve ali gnment and intensity while reducing cross talk. Infrared
is chosen to reduce sensitivity to room light , and because the infrared LED are more
intense.

The electronic schematics for the beam control , as well as for other non—commercial
electroni cs developed for the AM S, will be found in Data Item A004.* Visual display
on an oscilloscope is provided by the type 198B DAC’s. The operator can control
the sweep elect ronics by adju sting the clock rate and bits per line. In addition , a
m anual digital input is available for beam positioning. The diagram indicates the
position of the deflection plates relative to the ion beam (upward pointing arrows)
and apertures. This arrai gnment is shown for simplicity. In the instrument , the
beam actually passes the 1st X plates , 1st Y plates , 2nd X plates , and then 2nd Y plates.

Fi gure E2 (upper) shows a photomicrograp h of a Transmission Electron Microscope
(TEM) copper grid. A raster scan of the same grid using the secondary electr~rn
signal from the photomultip lier tube as the “Z” input to the scope is shown below.
The ion beam is approximately 2 p .m  in diameter in this photo , and the grid

com ponents are about 30 p. m wide. The surface of the aluminum mount shows under
the open part of the grid. Note that the raster image has been inverted.

*See also Appendix C, this report.
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Using Secondary Electrons
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